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O  F 

NATURAL  PHILOSOPHY 

CONFIRM’D  BY 

EXPERIMENTS. 


BOOK  IV. 

Part  I.  Of  Air,  and  other  elaftic  Fluids. 


CHAP.I. 

That  Air  has  the  Properties  of  Fhiids. 

'  g  '  H  E  Fluids,  that  we  confider’d  in  the  third  Book,  have  con¬ 
tiguous  Parts,  which  cohere  but  a  little,  between  which  ne- 
verthelefs  fome  fmall  Cohefion  is  obferv’d.  Thefe  Fluids  are  not 
brought  into  a  lefs  Space  by  Compreffion ;  at  leaft,  if  there  be  a 
Diminution  of  Space,  it  is  fo  fmall,  that  it  could  not  be  difeover’d 
hitherto,  in  any  great  Compreffion  whatever ;  for  that  which  feems 
to  ffiew  fuch  a  Diminution  in  fome  Experiments,  may  be  ealily  at¬ 
tributed  to  another  Caufe,  Thofe  Fluids  have  this  Property  alfo, 
they  are  contain’d  in  Veffels  open  at  top. 

But  there  are  other  Fluids,  which  are  to  be  reftrain’d  on  alllSides 
left  they  ffiou’d  flow  away ;  and  occupy  a  greater,  or  lefs  Space,  ac¬ 
cording  as  they  are  comprefs’d  by  a  greater,  or  lefs  Force  :  Thefe 
are  call’d  elaftic  Fluids;  and  among  thefe  the  Air,  with  which  the 
Earth  is  furrounded,  is  the  chief.  I  fhall  fpeak  of  this  now,  and 
demonftrate  firft  of  all,  that  this  is  to  be  rank’d  amongft  Fluids. 
Vol.  II.  B  We 
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We  have  often  fpoken  of  the  Air  already,  and  as  we  live  in, 
and  are  always  encompafied  by  it,  we  muft  have  Regard  to  it’s 
Effects  in  feveral  Experiments,  as  we  have  faid  but  now  we  fhall 
confider  it’s  Properties  fingly. 

We  call  that  Fluid,  which  covers  the  Surface  of  the  Earth,  and 
furrounds  the  Earth  on  every  Side,  the  Air. 

But  it  is  manifeft  that  the  Earth  is  furrounded  by  a  Fluid ;  for  we 
obferv’d  that  it  is  cover’d  by  a  Body,  that  gravitates,  whofe  Parts 
yield  to  any  Impreffion,  and  are  eafily  mov’d  among  themfelves, 

which  prefles  according  to  it’s  Height,  and  whofe  Preffure  is  equal 

« 

any  elaftic  Fluid  whatever  Air  ;  others  affirm  that  in 
the  Air,  which  covers  the  Earth,  there  are  many  Things  mixt,  which 
don’t  belong  to  the  Air ;  and  that  therefore  we  muft  attribute  no 
Properties  to  it,  except  thofe,  which  belong  to  it,  when  all  thefe 
Things  ftiou’d  be  feparated  from  it. 

But  we  have  clearly  explain’d  what  we  underftand  by  Air  * ; 
namely  this  mixt  Fluid,  by  which  the  Earth  is  furrounded.  And 
we  look  upon  thofe  Parts  only  as  not  belonging  to  it,  which  are 
thicker,  and  can’t  be  rank’d  among  the  Parts  of  the  Fluid,  but  float 
in  it. 


every  Way. 
Manv  call 


Definition  i. 

All  the  Air  which  the  Earth  is  encompafs' d  with ,  confider'd  toge¬ 
ther ,  is  call'd  the  Atmofphere  of  the  Earthy  or  /imply  y  the  Atmofphere  . 

* 

Def  i  n  i  t  ion  2. 

The  Height  of  the  Air  above  the  Surface  of  the  Earthy  is  call'd  the 
Height  of  the  Atmofphere. 

That  there  is  a  Body  every  where  on  the  Surface  of  the  Earth, 
though  it’s  Parts  generally  efcape  the  Sight,  is  difcover’d  by  Expe¬ 
riment  *. 

That  it  yields  to  any  Impreffion^  and  has  ifs  Parts  eafily  mov'd x  is 
not  doubted  by  any  one. 

That  it  is  heavy y  is  prov’d  by  its  preffing  upon  the  Surface  of 
other  Fluids,  and  fuftaining  them  in  Tubes. 


Exp eriment  i. 

2085.  Take  a  Glafs  Tube  AB,  about  three  foot  long,  of  about  f  Inch 
PI.63.F.1.  Eore;  if  you  ftop  up  the  End  A,  and  let  the  Tube  be  fill’d  with. 

Mercury,  and  let  the  other  End  be  immerfed  in  a  Veflfel,  that  has 

Mercury 
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Mercury  in  it,  the  Mercury  will  be  fuftain’d  at  the  Height  of  about 
29  Inches. 

This  is  occafioned  by  the  Prefiure  of  the  Air  upon  the  Surface  2086. 
of  the  Mercury  in  the  Vefiel;  which  cannot  be  prefled  equally  in 
every  Part,  unlefs  in  the  Tube,  where  no  Air  is,  there  be  a  Column  . 
of  Mercury,  which  prefies  equally  with  the  outward  Air  *.  This*  1416. 
is  called  the  'Torricellian  Tube,  from  Torricelli ,  who  was  the  firft 
that  made  this  Experiment. 

E XP  e  r  1  men  t  2. 

That  this  Prefiure  may  not  be  chang’d  when  the  Tube  is  inclin’d,  2087. 
it  is  requir’d  that  the  Mercury  fliould  keep  the  fame  perpendicular  pi. 63. F.i 
Height*:  If  therefore  there  be  two  Veflels  containing  Mercury, *  1423, 
in  which  Tubes  in  the  Manner  abovemention’d  .are  immers’d,  of 
which  ED  is  inclined  to  the  Horizon,  the  Mercury  is  fuftain’d  at 
the  Heights  h y'and  i  g,  fo  that  /’ and  g  are  in  the  fame  horizontal 
Lines;  fuppofing  the  Surface  of  the  Mercury  in  the  Veflels  to  lye 
in  the  fame  Plane. 

Exper  i  men t  3. 

The  fame  Preflure  of  Air  fuftains  the  Water  of  the  Gifts  V,  2088. 
which  is  immerg’d  in  Water  and  filled  with  it,  and  then  is  pull’d  PI. 63.F.2 
out  all  but  the  Orifice,  which  ftill  remains  immers’d. 

Water  wou’d  be  fuftain’d  in  the  fame  Manner  tho’  the  Height  2089. 
of  the  Glafs  fhould  be  32  Foot;  for  Quickfilver  is  almoft  14  times 
heavier  than  Water  *,  and  a  Pillar  of  Water  a  little  more  then  32  *  1563. 
Foot  high  prefies  equally  with  a  Column  of  Mercury  29  Inches 

high,  which  Preflure  is  equal  to  the  Prefiure  of  the  Atmofphere. 

•  % 

Experiment  4. 

In  the  Glafs  A,  inverted,  a  Fluid,  as  Water,  would  be  fuftain’d  2090. 
by  the  Preflure  of  the  Air,  unlefs,  by  the  Water’s  defcending,  theP1.63<F.3 
Air  fliould  afcend  along  it  into  the  Glafs ;  for  this  Reafon  if  the 
Glafs,  before  it  be  inverted,  be  cover’d  with  Paper,  the  Water  is 
kept  in,  and  the  Paper  is  applied  faft  to  the  Water,  by  means  of 
the  Preflure  of  the  Air. 

That  the  Prejjure  of  the  Air  depends  upon  it's  Height ,  may  be  2091. 
eafily  deduced  from  what  has  been  faid ;  but  it  is  immediately 
prov’d  by  carrying  the  Torricellian  Tube  mention’d  to  a  higher 
Place;  for,  when  you  carry  this  Machine  up  a  Hill,  for  100  Foot 
that  you  rife  perpendicularly,  the  Mercury  defcends  about  an  eighth 
of  an  Inch. 
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That  Air  prejfes  equally  every  Way ,  appears  from  this,  that  the 
Preffure  is  fuflain’d  by  foft  Bodies  without  any  Change  of  Figure, 
and  brittle  Bodies  without  their  breaking,  tho’  this  Preffure  be 
equal  to  the  Preffure  of  a  Pillar  of  Mercury  29  Inches  high,  or  a 
Height  of  Water  of  32  Foot  *  ;  any  Body  may  fee  that  nothing 
can  preferve  thefe  Bodies  unchang’d,  but  the  equal  Preffure  on  all 
Parts  5  but  it  is  plain  that  the  Air  does  prefs  in  that  Manner*.  If 
you  take  away  the  Air  on  one  Side,  the  Preffure  is  fenfible  on  the 
oppofite  Side._ 

Experiment  5. 

If  the  Tube  A  B,  in  which  Mercury  is  fuflain’d  at  the  Height  f 
.  by  the  Preffure  of  the  Air,  whilft  the  upper  Part  is  left  empty  *,  be 
raifed  a  little,  fo  that  it’s  End  may  remain  immerfed,  it  refifls  very 
much  ,  if,  the  Mercury  being  thrown  out,  the  Tube  contains  Air, 
it  only  refills  by  it’s  Weight,  when  it  is  lifted  up. 

The  Mercury  cannot  load  the  Tube;  for  it’s  Adlion  againfl  the 
Sides  of  the  Tube  is  horizontal :  But  the  Air  adls  againfl  the  upper 
Part  of  the  Tube,  and  the  Column,  which  is  fuftain’d  by  the 
Tube,  is  of  equal  Weight  with  the  Column  of  Mercury,  contain’d 
in  the  Tube.  If,  the  Mercury  being  taken  away,  the  Air  be  let  in, 
as  only  the  Tube  loads  the  Hand,  it  appears,  that  the  Adlion  of  the 
Air  againfl  the  lower  Surface  of  the  upper  Part  of  the  Tube,  de- 
flroys  the  Adtion  againfl  the  outward  Surface  of  the  fame  Part  of 
the  Tube,  and  that  the  Air  preffes  equally  upwards  and  down¬ 
wards. 

By  this  Experiment  alfo,  thofe  Things  are  confirm’d,  which  are 
faid  concerning  the  Gravity  of  the  Air. 


CHAP.  II. 

Of  the  Elaflicity  of  the  Air . 

WE  have  feen,  that  the  Air  has  the  Properties  of  other  Fluids ; 

but  befides,  it  has  another  Property,  as  was  faid  *  ;  which 
is,  that  it  can  take  up  a  greater  or  lefs  Space,  according  as  it  is  com-  . 
prefs’d  with  a  different  Force;  and,  as  foon  as  that  Force  is  dimi- 
nifli’d,  it  expands  itfelf.  By  Reafon  of  the  Analogy  of  this  Effedt 
with  the  Elaflicity  of  Bodies,  this  Property  of  the  Air  is  call’d  it’s 
Elaflicity,  and  the  Fluids,  which  have  it,  are  call’d  elaflic  Fluids, 
as  has  been  already  faid. 
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That 
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That  the  Air  may  be  comprefs'd ,  appears  from  an  Experiment 
already  mention’d  *.  And  that  it  may  be  dilated ,  is  prov’d  from 
the  following  one. 

Experiment  i. 

Take  the  Tube  A  B  clofed  at  the  End  A,  and  pour  Mercury  into 
it,  fo  that  there  maybe  fome  Air  left  in  the  lube,  which,  whenp 
in  the  State  of  the  external  Air,  will  take  up  the  Space  A/;  if  the 
End  B  of  the  Tube  be  immers’d  into  Mercury,  the  Mercury  in  the 
Tube  will  defcend  to  g>  and  there  remain.  The  Height  i g  differs 
very  much  from  the  Height  of  the  Mercury  in  the  firfl  Experiment 
of  the  foregoing  Chapter. 

This  Difference  does  notarife  from  the  Weight  of  the  Air  in  the 
Tube;  for  its  Weight  is  too  little  to  produce  anyfenfible  Difference 
in  the  Height  of  the  Mercury  ;  therefore  the  Action  of  the  Air  up¬ 
on  the  Mercury  mu  ft  be  attributed  to  another  Caufe. 

The  Force,  by  which  the  common  or  external  Air  is  comprefs’d, 
is  the  Weight  of  the  whole  Atmofphere,  which  is  equal  to  a  Pillar 
of  Mercury  of  the  Height  h  f  (Fig.  i.)  ;  therefore  the  compelling 
Force  may  be  exprefs’d  by  this  Height.  But  now  the  Preffure  of 
the  Atmofphere  exerts  two  Effects,  it  fuftains  the  Pillar  of  the  Mer¬ 
cury  ig,  and  adls  upon  the  Air  in  the  Tube.  If  the  Force ,  by 
which  the  Mercury  is  fuftain'd ,  at  the  Height  g  /,  be fubf  rafted from 
the  PreJJure  of  the  whole  Atmofphere  ;  that  is,  if  the  Height  g  i  be 
taken  from  the  Height  hf  there  remains  the  Force  by  which  the  Air 
is  comprefs'd  in  the  upper  Fart  of  the  Tube. 

This  Air  refills  with  the  fame  Force,  and  preffes  downwards  *  : 
but  it  can’t  refill,  unlefs  it  be  retain’d  *,  and  extends  itfelf  to  A, 
and  takes  up  the  whole  Space  A  /. 

But  we  find  by  Experiments,  that  the  Air  dilates  itfelf ‘  in  fucb 
Manner ,  that  the  Space ,  occupied  by  ity  is  inverfy  as  the  Force ,  with 
which  it  is  comprejs'd. 

A  MACHINE, 

TVhereby  the  Dilatations  of  the  Airy  as  alfo  the  comprejjing  Forces , 

are  compar'd  with  one  another . 

The  Iron  Pipe  AB,  three  Foot  long,  whofe  Bore  is  three  Quar¬ 
ters  of  an  Inch,  and  which  is  clos’d  at  A,  is  at  B  put  into  the  Wooden  f 
Cylinder  C,  joined  to  the  Box  or  Veflel  D,  and  is  there  faften’d, 
the  Diameter  of  the  Veffel  is  about  four  Inches,  and  it’s  Height 
almoft  equal  to  it’s  Diameter.  The  Pipe  is  fill’d  with  Mercury  in 
fuch  manner,  that  it  may  be  about  half  an  Inch  high  in  the  Veflel. 

The 


5 

2097, 
*  24, 


2098. 

.63.F.4 


2099, 


2100. 


*  361, 

*  362» 

2101. 


2102, 

.63.F.5 


6 


Mathematical  Elements  Book  IV. 

The  Pipe,  with  the  Veffel  join’d  to  it,  is  applied  to  a  Board  or 
Frame  E  F  G  ;  the  Surface  of  which  has  a  Groove  in  it,  to  receive 
the  Pipe,  and  the  Board  is  perforated  in  the  Place,  that  anfwers  to 
the  Veffel  and  the  Cylinder. 

The  Surface  of  the  Part  F  G  of  the  fame  Board  is  alfo  hollow’d 
before  to  receive  the  Ruler  of  Box  L  M,  which  is  moveable  in  this 
Cavity  in  fuch  manner,  that  it  may  be  fix’d  at  different  Heights,  by 
means  of  a  Screw,  join’d  to  the  Ruler,  behind,  at  the  Diftance  of 
fix  Inches  from  the  End  L,  and  which  goes  thro’  a  Hole  in  the  Board. 

A  Copper  Plate  r  s  is  join’d  to  the  Side  of  the  Ruler  of  Box,  and 
made  faff.  The  Breadth  of  the  Plate  exceeds  the  Thicknefs  of  the 
Ruler  a  quarter  of  an  Inch,  fo  that  the  Plate  ftands  out  beyond  it, 
making  a  Right  Angle  with  the  Surface  of  the  Ruler. 

Along  this  Prominence  is  mov’d  the  Piece  ?iy  join’d  to  the  Index 
q  ;  this  is  faften’d  by  the  Screw  o,  and  is  reprefented  by  itfelf  at 
ONQ^ 

2103.  We  ufe  moreover  a  Glafs  Tube,  a  little  more  than  three  Foot 
long,  and  which  is  clos’d  at  one  End  ;  part  of  this  is  filled  with 
Mercury,  fo  as  not  to  exclude  all  the  Air.  The  open  End,  the 
Tube  being  inverted,  is  immerg’d  in  Mercury,  contained  in  the 

*  2098.  Veffel  and  Iron  Pipe,  as  in  the  foregoing  Experiment  *. 

As  this  Glafs  Tube  is  iefs  or  more  thruft  into  the  Pipe,  the  up¬ 
per  Part  of  the  Tube,  that  has  no  Mercury  in  it,  is  greater  or  lefs  ; 
and  is  meafur’d,  if  we  apply  this  Part  to  the  Ruler  L  M,  which  has 
a  Groove  in  it,  to  receive  this  Tube,  and  is  divided  into  fmaller 
Parts,  which  anfwer  to  equal  Parts  of  the  Capacity  of  the  Glafs 
Tube. 

2104.  If  this  Tube  fhou’d  be  exadlly  cylindrical,  thefe  Divifions  wou’d 
be  equal,  but  as  this  feldom  happens,  I  {hall  fhew  how  the  Divi¬ 
fions  of  the  Ruler  are  mark’d. 

The  Tube  P  V  is  inverted,  and  applied  to  the  Ruler,  fo  that  the 
external  Surface  of  the  End  V  of  the  Tube,  may  agree  to  the  end 
L  of  the  Ruler.  A  fmall  Quantity  of  Mercury  is  pour’d  in,  whofe 
Height,  for  Example,  in  the  T ube,  is  equal  to  a  quarter  or  a  third 
of  an  Inch,  and  the  Height,  to  which  it  comes,  is  mark’d  on  the 
Ruler  ;  an  equal  Quantity  of  Mercury  is  again  pour’d  in,  and  a  fe- 
cond  Divifion  is  mark’d  ;  and  by  continuing  to  do  thus,  the  whole 
Ruler  may  be  divided.  The  equal  Quantities  of  Mercury  are  had, 
by  weighing  them. 

2105.  But  it  is  tedious  and  difficult,  to  feparate  fo  many  fmall  Parts  of 
Mercury  in  fuch  Manner,  that  they  may  all  be  exactly  of  the  fame 

2  .  Weighty 
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Weight ;  therefore,  if  the  Tube  be  regular,  that  is,  if  it  be  a  Por¬ 
tion  of  a  truncated  Cone,  as  often  happens,  and  differs  little  from  a  Cy¬ 
linder,  which  is  eafily  had,  we  may  make  ufe  of  another  Method  ; 
becaufe  in  this  Cafe  the  Divifions  are  very  nearly  in  arithmetical 
Progreffion. 

The  firft  four  or  five  Divifions  are  to  be  mark’d,  by  the  Method 
fhewn  ;  becaufe  whilft  the  Tube  is  hermetically  feal’d  it  does  not 
keep  the  regular  Figure  :  Then  ten,  or  twelve  Times  the  Quan¬ 
tity  of  Mercury  is  pour’d  into  the  Tube,  and  the  Divifion  is  mark’d  y 
this  is  diftant  ten,  or  twelve  fmaller  Parts  from  that  laft  mark’d  ; 
and  by  continuing  to  do  thus,  the  reft  of  the  Ruler  is  divided  in 
the  fame  Manner  into  fuch  greater  Parts,  denoting  equal  Portions  of 
the  Capacity  of  the  Tube.  Then  thefe  greater  Divifions  are  fubdi- 
vided  geometrically  in  fuch  Manner,  that  all  the  fmaller  Divifions 
are  in  arithmetical  Progreffion  continued. 

But  we  muft  firft  examine,  whether  the  greater  Divifions  mark’d 
are  in  arithmetical  Progreffion,  if  they  are  not,  the  geometrical  Di¬ 
vifion  can’t  take  place,  byReafonof  the  Irregularity  of  the  Tube. 

Experiment  2. 

We  muft  firft  of  all  meafure  exactly  the  Height,  at  which  the 
Mercury  is  fuftained  in  the  Torricellian  Tube*,  whofe  upper  End  is  * 
well  clear’d  of  Air. 

Such  a  Quantity  of  Air  as  you  pleafe  is  left  in  the  glafs  Tube, 
before  it  is  immers’d  in  the  Mercury  *.  * 

This  Tube  is  put  into  the  Mercury  as  far  as  you  pleafe  alfo,  and 
the  Ruler  L  M  is  faften’d  in  fuch  Manner,  that  the  End  L  may 
agree  to  the  Surface  of  the  Mercury  in  the  Glafs  Tube.  But  the 
Index  q  is  applied  to  the  upper  End  of  the  fame  Tube,  and  an- 
fwers  to  the  Divifion  of  the  Ruler,  denoting  the  Space  L  V,  which 
is  taken  up  by  the  Air  in  the  Tube.  The  Height  of  the  Point  L. 
above  the  Surface  of  the  Mercury  in  the  Vefifel,  is  meafur’d  in 
Inches  and  fmaller  Parts,  and  is  fubftradled  from  the  Height  of  the 
Mercury  in  the  Torricellian  Tube,  and  the  Difference  exprefies  the 
Force,  that  compreffes  the  Air  in  L  M  **.  The  Situation  of  the  * 
Glafs  Tube  is  changed,  the  fame  Air  remaining  in  the  Tube,  and 
the  Force  is  meafur’d  again,  which  compreffes  the  Air,  as  alfo  the 
Space  taken  up  by  the  Air.  Then  the  Spaces  taken  up  will  be  in- 
verfly,  as  the  compreffing  Forces. 

Let  the  Height  of  the  Mercury  in  the  Barometer  be  29,25  Inches ; 
the  Height  of  the  Point  L  above  the  Surface  of  the  Mercury  in  the 
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Veffel  20,25  Inches;  and  L  V  32  Parts.  Now  if  the  GlafsTube 
be  drawn  out  of  it’s  Sheath  more,  L  is  raifed  up ;  when  the  Height 
of  this  Point  comes  to  24,75  Inches,  L  V  is  64  Parts.  The  com- 
preffing  Forces  are  9.  and  4,5;  the  Spaces  taken  up  32,  and  64. 
This  Experiment  may  very  well  be  varied  many  Ways. 

The  fame  Rule  obtains  in  comprefs’d  Air. 

Exper  iment  3. 

2ro8.  Take  a  Curve  Tube  A  BCD  open  at  A,  and  clos’d  at  D;  let  the 
PL6..F.6.  Part  BC  be  fill’d  with  Mercury,  fo  that  the  Part  CD  may  contain 

*  "  Air  of  the  fame  State  cr  Tenor  as  the  external  Air;  therefore,  the 

compreffing  Force  is  the  Column  of  Mercury,  whofe  Height  is  bf 
(Fig.  1.)  and  by  this  Height  mart  this  Force  be  exprefs’d,  as  in 
the  foregoing  Experiment ;  but  the  Space  taken  up  by  the  Air  is  CD. 
Pour  Mercury  into  the  Tube  A  B,  that  it  may  rife  up  to  gy  the 
Air  will  be  reduc’d  to  the  Space  eD  :  Now  the  compreffing  Force 
is  equal  to  a  Column  of  Mercury  of  the  Height  f  g,  and  alfo  the 
Preffure  of  the  external  Air  upon  the  Surface  g  of  the  Mercury ; 
this  Force  is  exprefs’d  by  the  Sum  of  the  Heights  fg  in  this  Figure, 
and  bf  in  Fig.  1.  This  Sum  is  always  to  hf  (Fig.  1.)  as  CD  to 
e  D ;  and  again  the  Forces  are  inverfly  as  the  Spaces. 

210C  Fhe  Elajlicity  of  the  Air  is  as  if s  Denfty  ;  for  this  laft  is  as  the 
$  !  1 64  Space  taken  up  by  the  Air  *,  and  therefore  as  the  Force  compref- 
$  2I0 1  *  the  Air  *  ;  which  is  equal  to  that  by  which  the  Air  endeavours 

*  6  to  expand  itfelf  *  ;  but  this  Force  is  it’s  Elasticity. 

fj  lQ  Hence  it  follows,  that  the  Air  in  which  we  live  is  reduced  to  the 
Denfity  which  it  has  near  the  Earth,  by  the  Preffure  of  the  fuper- 
incumbent  Air,  and  that  it  is  more  or  lels  compreffed,  according  to 
the  greater  or  Ids  Weight  of  the  Atmofphere  ;  for  which  Reafon 
alfo  the  Air  is  lefs  denfe  at  the  Top  of  a  Mountain  than  a  Valley, 
as  being  comprefs’d  by  a  lefs  Weight. 

21 1 1.  'The  Forcey  by  which  the  Particles  of  the  Air  fy  from  each  ether , 
encreafes  in  the  fame  Ratio ,  as  the  Dijlmce  between  the  Centers  of 
the  Particles  is  diminijhed .  That  is,  that  Force  is  inverfly  as  this 

Diftance. 

2112.  To  demonftrate  which,  let  us  confider  two  equal  Cubes  A  and  B, 
PI.63.F.7.  containing  unequal  Quantities  of  Air;  let  the  Diftance  between  the 

Center  of  the  Particles  be  as  2  to  1,  the  Numbers  of  the  Particles 
will  be  in  the  fame,  but  inverfe  Ratio,  in  the  Lines  de  and  h  i ;  the 
Numbers  of  the  Particles  abting  upon  the  Surfaces  dg  and  hm  are, 
as  1  to  4,  namely,  as  the  Squares  of  the  Numbers  of  the  Particles 

in 
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in  equal  Lines,  and  as  the  Cubes  of  thofe  Numbers,  that  is,  as  i  to  8, 
fo  are  the  Quantities  of  Air  contained  in  the  Cubes ;  in  which  Ra¬ 
tio  alfo  are  .the  Forces  compreffing  {he  Air  in  the  Cubes  *.  The  *  2109. 
Forces  adting  upon  the  equal  Surfaces  dg  and  hm  are  as  the  Forces  361. 
by  which  the  Air  is  comprefled  * ;  they  are  alfo  in  a  Ratio  com-  *  361. 
pounded  of  the  Numbers  of  the  Particles  adting,  and  the  Adtion  of 
all  the  Particles  therefore,  this  compound  Ratio  is  the  Ratio  of  1 
to  8  :  The  firft  of  the  compounding  Ratios,  as  has  been  faid,  is 
that  of  1  to  4;  wherefore,  necelfarily  the  fecond  is  that  of  1  to  2, 
which  is  the  inverfe  Ratio  of  the  Diftance  between  the  Particles. 

And  this  Demonftration  is  general ;  for  by  1  and  8  we  exprefs  any 
Cubes  whatever  by  1  and  4,  the  Squares  of  the  Cube  Roots  $ 
and  laftly,  by  1  and  2,  the  Roots  of  thofe  Cubes. 

This  Demonftration  proves  that  the  Adtion,  which  the  Particles  2113. 
continually  fuffer  from  all  Sides,  is  encreafed  in  the  Ratio,  in  which 
the  Diftance  between  the  Centers  of  the  Particles  is  diminifhed. 

But  Experiments  (hew  that  the  Particles  do  not  extend  their  2114. 
Adtion  to  Particles,  remov’d  to  a  fenfible  Diftance  ;  whence  it  ap¬ 
pears,  the  lame  Denfity  of  Air  being  fuppos’d,  that  there  is  not  a 
greater  Elafticity,  where  there  is  a  greater  Quantity  of  Air. 

*The  Effects  of  the  Elafticity  of  the  Air  are  like  thofe  of  it's  Gra -  2115. 

vity,  and  included  Air  adts  by  its  Elafticity,  juft  as  Air  not  included 
does  by  it’s  Weight. 

The  Air  which  is  loaded  by  the  Weight  of  the  whole  Atmo- 
fphere,  prefles  everyWay  from  the  very  Nature  of  Fluidity  *  1418. 
and  the  Force  which  it  exerts,  does  no  Way  depend  upon  the 
Elafticity,  becaufe,  whether  you  fuppofe  Elafticity,  or  not,  that 
Force  which  arifes  from  the  Weight  of  the  Atmofphere,  and  is 
equal  to  it,  can  be  no  Way  changed.  But,  as  the  Air  is  elaftic,  it 
is  reduced  to  fuch  a  Space  by  the  Weight  of  the  Atmofphere,  that 
the  Elafticity,  which  readts  againft  the  compreffing  Weight,  is 
equal  to  that  Weight  *.  But  the  Elafticity  encreafe  and  diminifhes  *  361«. 
as  the  Diftance  of  the  Particles  diminifhes  or  encreafes  *,  and  it  is  *  2109. 
no  Matter,  whether  the  air  be  retained  in  a  certain  Space  by 
the  Weight  of  the  Atmofphere,  or  any  other  Way  for  ih  both 
Cafes  it  will  endeavour  to  expand  itfelf  with  the  fame  Force,  and 
prefs  every  Way.  Therefore  if  the  Air  near  the  Earth  be  inclofed 
inanyVeflel,  without  altering  it’s  Denfity,  the  Preffure  of  the  in¬ 
cluded  Air  will  be  equal  to  the  Weight  of  the  whole  A  tmofphere. 
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Experiment  4. 

2116.  The  'Torricellian Tube  is  endofed  in  the  Glafs  DR,  fo  that  the 

PI.68.F.1.  Air,  which  preffesupon  the  Surface  of  the  Mercury,  contained  in 

the  Veffel  V,  may  have  no  Communication  with  the  outward  Air; 
by  the  Elafticity  of  the  Air  the  Mercury  is  fuftain’d  at  the  fame 
Height  in  the  Tube,  as  in  the  open  Air. 

The  Tenor  of  the  Air  continuing  the  fame,  what  we  have  laid 
will  always  obtain ;  but  this  Tenor  or  Temper  of  the  Air  is  not 

2117.  always  the  fame ;  the  repellent  Force  of  the  Particles  is  often  encr eas'd, 
or  diminifh'd,  though  the  Diftance  between  the  Centers  is  not  chang'd ; 

*2123.  I  fhall  fpeak  of  this  Alteration  in  the  following  Chapter  * ;  in  the 
following  Part  of  this  Book  we  fhall  alfo  fee,  That  the  Elafticity  en- 
creafes  by  Heat,  and  diminifhes  by  Cold. 

I  fhall  deliver  fome  other  Experiments,  concerning  the  Elafticity 
of  the  Air,  in  the  fifth  Chapter  of  this  Book. 

CHAP.  III. 

Of  fome  other  elaflic  Fluids - 

21  iS.  r  INHERE  are  feveral  Fluids,  which  have  the  fame  Property 
X  as  the  Air,  Elafticity. 

.  Among  thefe  Vapour  is  remarkable,  of  which  we  treat  in  the 
tenth  Chapter  of  this  Book. 

2119.  By  Fermentation, ,  Effervefcence ,  PutrefaBion ,  and  Combujlion, 
elaftic  Fluids  are  feparated  from  Bodies ,  which  are  different  accord¬ 
ing  to  the  Difference  of  the  Bodies. 

2 120.  Such  a  Fluid  arifes  from  many  Bodies ,  when  the  PreJJure  of  the 
external  Air  is  diminijhed ,  or  taken  away . 

2121.  Phis  is  alfo  obferv'd  in  fome,  when  they  are  only  moiften'd. 

But  in  thefe  two  laft  Cafes  there  is  no  Separation  without  Effer¬ 
vefcence. 

All  thefe  Fluids,  except  Vapour,  how  different  foever  one  from 

2122.  another,,  are  commonly  exprefs’d  by  the  fame  Name  Air.  But  as 
the  Air  is  that  Fluid,  with  which  the  whole  Surface  of  the  Earth  is 
encompafs  d,  this,  properly  fpeaking,  is  a  Mixture  made  up  of  various 
elaftic  Farids,  in  which  innumerable  Corpufcles  of  different  Sorts  float . 

*  4  Thefe  Corpufcles  afeend  to  different  Heights  *,  according  to  their 

I477*  different  fpecific  Gravity  :  and  the  Exhalations  of  different  Bodies 
alfo,  which  are  elaftic  Fluids,  are  rais’d  differently  in  the  Air. 
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Whence  we  infer,  that  the  Air  in  a  high  Place  does  not  differ  from 
the  lower  Air  in  Denftty  only. 

It  cannot  be  doubted  that  different  elaftic  Fluids  have  different 
Properties ;  which  alfo  appears  from  Experiments  ;  for  the  Effedt 
of  different  Exhalations  differ  from  one  another. 

Whilft  the  Parts ,  which  >  being  feparated  from  Bodies ,  make  elaftic 
Fluids ,  remain  in  the  Bodies ,  they  are  join’d  together,  or  adhere  to 
other  Parts  of  the  Bodies ;  wherefore,  they  can't  be  rank'd  among 
elaftic  Fluids  any  more,  than  Water,  before  it  is  turn’d  into  Vapour, 
can  be  call’d  Vapour. 

But  the  Space  taken  up,  by  the  Matter  which  becomes  elaftic, 
is  very  ftnall,  whilft  it  remains  in  the  Bodies  themfelves,  if  it  be 
compar’d  with  the  Space,  which  it  takes  up,  whilft  it  exerts  it’s  Elafti- 
city,  the  external  Compreffion  being  fuppos’d  equal  in  both  Cafes. 

This  plainly  appears  in  thofe  Bodies,  which  are  wholly  turn’d 
into  an  elaftic  Fluid.  Ice  a  folid  Body,  whofe  Parts  cohere,  is  firft 
turn’d  into  Water,  in  which  the  Cohefion  is  lefs,  then  into  Vapour, 
an  elaftic  Fluid ;  this  takes  up  a  Space  at  leaft  fourteen  thou- 
iand  times  greater,  than  when  it  was  Water;  and  this  too  whilft 
the  Vapour  is  comprefs’d  by  the  Weight  of  the  whole  Atmofphere; 
in  thofe  very  Places  from  which  it  excludes  the  Air :  and  who  does 
not  fee  that  this  Expanfion  may  be  immenfely  encreas’d,  by  taking 
away  the  Preffure  of  the  Atmofphere  ? 

I  fhall  make  fome  other  Obfervations  concerning  Water;  an 
elaftic  Fluid  may  be  feparated  from  it  without  a  fenfible  Diminution 
of  it’s  Bulk ;  which  Separation  is  made  by  Cold,  Heat,  or  by  tak¬ 
ing  away  the  Prefliire  of  the  Atmofphere. 

We  obferve  this  Separation  to  be  very  fudden,  if  all  the  Preffure 
be  fuddenly  taken  away. 

Experiment  i. 

The  Glafs  Veffel  A  B  is  exactly  fill’d  with  Water;  at  the  End  B  2129. 
a  Brafs  Cylinder  is  join’d  to  it,  that  the  Syringe,  which  is  repre-  PI.63.F.8. 
fented  in  Fig.  1.  PI.  71.  may  be  join’d  to  it,  by  Means  of  a  Screw. 

Whilft  the  Pifton  of  the  Syringe  is  drawn  out,  the  Water  defcends 
into  the  Syringe  by  it’s  Weight ;  and  there  is  a  Space  in  the  upper 
Part  of  the  Veffel  void  of  Water  and  Air.  Immediately  alfo  innu¬ 
merable  Bubbles  of  an  elaftic  Fluid,  fhew  themfelves  at  the  fame 
Time ;  and  all  the  Water  looks  white  with  thefe  Bubbles. 

Phis  elaftic  Fluid  differs  from  the  Air ,  with  which  the  Surface  of 
the  Earth  is  encompafs'  d>  though  it  be  in  the  Air  in  great  Quantity. 

C  2  Experi- 
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Experiment  2.  ' 

If  a  Phial  be  filled  with  Water,  from  which  every  elaftic  Fluid 
has  been  driven  out,  by  Fire,  or  otherwife,  and  a  fmall  Bubble  of 
Air  being  left,  the  Phial  be  inverted,  and  the  open  End  of  it  be  im¬ 
mers'd  into  Water,  contain’d  in  any  Veffel,  this  Bubble  of  Air,  in 
fome  Days,  will  enter  into  the  Water  wholly,  and  feveral  Bubbles 
will  be  fucceffively  abforb’d  as  it  were  by  the  Water  in  the  fame 
Manner.  But  with  Refpedt  to  every  one  of  the  Bubbles  it  is  to  be 
obferv’d,  that  a  much  greater  Part  of  the  Bubble  enters  into  the 
Water  the  firft  Day,  than  there  does  in  the  following  Days. 

From  this  Experiment  we  infer  that  there  are  ibme  Parts  in  the 
Air,  which  enter  into  the  Water  more  eafily  than  others,  and  re¬ 
main  there. 

Whence  it  follows  that,  whilft  Water  is  expos’d  to  the  open  Air, 
there  enters  into  it  a  greater  Quantity  of  that  Matter,  which  gets 
into  it  more  eafily  5  and  that  the  Air,  that  has  enter’d  into  it,  differs 
from  the  external  Air.  We  obferve  alfo  that  this  Fluid  often  dilates 
itfelf  more,  when  the  Preffure  is  diminifh’d,  than  according  to  the 
Rule  of  Number  2101.  But  the  Expanfion  of  this  Fluid  is  im- 
menfe. 

This  Fluid  takes  up  a  very  fmall  Space  in  the  Water ;  for,  as 
was  faid  above,  the  Separation  is  made  without  any  fenfible  dimi¬ 
nution  of  the  Bulk  of  the  Water,  and  Mariotte  mentions  an  Expe¬ 
riment  concerning  the  Dilatation  of  this  elaftic  Matter,  whereby  it 
appears,  that  this  Matter,  which  was  driven  out  from  the  Water, 
when  it  had  loft:  it’s  Heat,  and  fuftain’d  the  Weight  of  the  whole 
Atmofphere,  took  up  ten  times  the  Space,  that  the  Water  did,  in 
which  it  had  been  contained. 

In  the  fifth  Chapter  of  this  Book  we  fhall  fee  *,  how  much  this 
Fluid  can  be  dilated  5  if  it  expands  itfelf  ten  thoufand  times  only, 
it’s  Space  will  be  an  hundred  thoufand  times  greater  than  the  Space 
taken  up  by  the  Water  from  which  it  went  out.  But  who  fhall  de¬ 
termine  how  great  the  Expanfion  is,  if  we  have  Regard  to  the  Space 
taken  up  in  the  Water  by  this  elaftic  Matter  ? 

Hence  we  infer,  that  the  Particles  of  elafic  Fluids  are  not  of  the 
fame  Nature  with  other  elaftic  Bodies  5  for  all  the  Particles  cannot 
be  encreas’d,  as  the  whole  Bulk  is  encreas’d,  the  Surface,  in  every 
Degree  of  Expanfion,  being  kept  free  from  all  Irregularities  and 
Angles,  for  in  Expanfions  the  Parts  are  eafily  mov’d  amongft 
themfelves :  Whence  it  follows,  that  the  Particles  do  not  touch ,  the? 

they 
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they  repel  one  another ,  a  like  Property  of  Particles  has  been  taken  No- 
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CHAP.  IV. 

Of  the  Air-Pump. 

THE  Elafticity  of  the  Air  is  the  Foundation  of  the  Conftru&ion 
of  a  Machine,  by  which  the  Air  may  be  drawn  out  of  any 
Velfel.  This  Machine  is  called  an  Air-pump,  which  is  made  feveral 
Ways. 

The  chief  Part  in  all  of  them  is  a  Barrel,  or  hollow  Cylinder  of 
Metal,  polifh’d  in  the  Infide ;  in  this  Barrel  muft  move  a  Pifton, 
that  fills  it’s  Bore  fo  exaftly  as  to  let  no  Air  flip  by.  This  Pifton  is 
thruft  down  clofe  to  the  Bottom  of  the  Barrel,  and  then  rais’d  up  in 
fuch  a  Manner  as  to  exclude  all  the  Air  from  the  Cavity  of  the  Cylin¬ 
der  or  Barrel;  if  this  Cavity  communicates  with  any  Veffel,  by 
Means  of  a  Pipe  at  the  Bottom  of  the  Barrel,  the  Air  in  the  Veffel 
will  expand  itielf,  and  Part  of  it  will  enter  into  the  Barrel,  fo  that 
the  Air  in  the  Barrel,  and  in  the  Veffel,  will  have  the  fame  Denfity. 
Shut  up  the  Communication  between  the  Veffel  and  Barrel,  and  let  * 
ting  the  Air  out  of  the  Barrel,  apply  the  Pifton  clofe  to  the  Bottom.: 
If  you  raife  the  Pifton  a  fecond  time,  and  open  the  Communication 
between  the  Barrel  and  Veffel  abovementioned,  the  Denfity  of  the 
Air  in  the  Veffel  will  again  be  diminifh’d ;  and  repeating  the  Moti¬ 
on  of  the  Pifton,  the  Air  in  the  Veffel  will  be  reduc’d  to  the  leaft 
Denfity.  Yet  all  the  Air  can  never  be  exhaufted  by  this  Method; 
for  at  every  Stroke  the  Air  does  fo  expand  itfelf,  as  to  have  the  fame 
Denfity  in  the  Barrel  as  in  the  Veffel ;  in  which  laft  therefore,  there 
is  always  a  little  Air  left. 

But  after  the  Elafticity  is  diminifh’d,  as  much  as  poflible,  by  re¬ 
peating  the  Operations,  we  ought  not  from  hence  to  make  a  Judg¬ 
ment  of  the  Denfity,  as  in  fmaller  Dilatations  *.  This  Elafticity  * 
of  the  remaining  Air  is  not  always  the  fame,  and  it  is  not  fenfibly 
diminifh’d  by  the  Dilatation  of  it,  as  we  fhall  find  in  the  following 
Chapter  *.  * 

All  Air-pumps  have  in  common  the  Parts  above  defcrib’d,  but 
they  differ  in  feveral  other  Things.  Firft,  the  Communication  be¬ 
tween  the  Receiver  to  be  exhaufted,  and  the  Cylinder  or  Barrel,  is 
open’d  and  fhut  different  Ways.  Secondly,  there  are  different 
Ways  of  getting  the  Air  out  of  the  Cylinder  or  Barrel*  when  the 
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Pifton  is  brought  to  the  Bottom.  Thirdly,  the  Piftons  differ  in¬ 
different  Pumps.  Fourthly,  the  Pofition  of  the  Cylinder  is  not 
the  fame  in  all  Pumps.  Fifthly,  there  are  different  Contrivances 
for  moving  the  Pifton.  Laftly,  there  are  often  two  Barrels,  in  one 
of  which  the  Pifton  is  rais’d,  when  it  is  deprefs’d  in  the  other. 

PI.  64.  Our  Pump  is  here  reprefented ;  the  oppofite  Part  of  the  Box,  or 
Cafe,  the  Door  being  fhut,  which  belongs  to  that  Part,  is  feen  in 
Fig.  1.  Plate  68.  1  fhall  defer  the  particular  Defcription  of  it  to 

another  Place,  and  only  here  mention  fome  Things  in  general. 
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The  AIR-PUMP. 

The  fore  Part  of  the  Pump  is  reprefented  in  Plate  64.  the  Doors 
of  the  Box,  in  which  it  is  enclofed,  being  taken  away. 

The  hinder  Part  of  the  fame  Pump,  taken  out  of  it’s  Box,  is  re¬ 
prefented  in  Plate  65.  The  fame  Parts  are  mark’d  with  the  fame 
Letters  in  each  Figure. 

This  Pump  has  two  Barrels  A,  B,  in  each  a  Pifton  is  mov’d, 
whofe  Parts  are  reprefented  feparately  at  C,  D,  E,  and  F. 

To  the  lower  Plate  of  the  Part  D,  there  is  joined  a  fmall  fquare 
Tube  d ,  to  whofe  Cavity  the  Hole  n  in  the  Plate  anfwers. 

This  fmall  Tube  goes  through  the  Cylinder  F  of  Cork,  which 
is  retain’d  by  the  Plate  E,  with  which  the  folid  Piece  g  coheres, 
which  goes  into  the  fmall  Tube  d>  and  is  faften’d  by  the  Screw  e> 
which  goes  into  the  folid  Piece,  and  whofe  Head  at  n  covers  the 
Hole,  which  anfwers  to  the  Tube  d .  Between  the  Plate  E  and  the 
Cork  F  a  thin  Piece  of  Leather  f  is  faften’d,  which  is  prominent 
every  Way,  and  which,  whilft  the  Pifton  is  thruft  into  the  Cylin¬ 
der,  applies  itfelf  to  the  lateral  Surface  of  the  Cork.  This  Method 
is  ufed  in  England.  This  Leather  fhou’d  be  foak’d  in  Oil  and  Wa¬ 
ter,  as  was  faid  in  N.  1436. 

The  Piftons  before  they  are  thruft  into  the  Barrels,  fhould  be 
left  in  Water  fome  Hours,  and  well  oil’d.  A  fmall  Quantity  of 
Water  mu  ft  be  pour’d  into  the  Barrels  upon  the  Piftons. 

We  make  ufe  of  Calf’s  Leather,  we  apply  the  Epidermis  to  the 
Cork  ;  but  Care  muft  be  taken,  that  the  Pifton  exa&ly  fills  the 
Barrel,  but  yet  fo,  that  the  Leather  may  not  be  comprefled  too 
much ;  for  if  it  be  made  dry,  whilft  the  Oil  and  Water  are 
fqueezed  out  by  a  too  great  Compreflion,  the  Piftons  will  not  re¬ 
tain  the  Water,  when  it  fuftains  the  whole  Prefliire  of  the  Atmo- 
fphere.  But  when  the  Leather  is  of  a  due  Thicknefs,  we  may 
make  ufe  of  the  Pump  two  or  three  Months,  without  once  taking 
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out  the  Piftons :  Which  yet  we  fhould  not  neglecft,  when,  the  Oil 
being  grown  thick,  the  Leather  adheres  to  the  hollow  Surface  of 
the  Barrel,  and  the  Piftons  are  mov’d  with  Difficulty  :  Then  they 
muft  be  taken  out  5  the  Leather  muft  be  feparated  a  little  from  the 
Cork,  and  well  oil’d,  and  the  Piftons  muft  be  left  fome  Hours  in 
Water. 

The  Tail  C  of  the  Pifton  has  Teeth,  as  in  moft  Air-pumps 3  it’s 
lower  End  c  is  cylindrical.  This  cylindrical  Part  paffe§  through 
a  cylindrical  Cavity  in  the  Prominence  p  of  the  Pifton  5  the  Dia¬ 
meter  of  this  Cavity  exceeds  the  Diameter  of  the  Cylinder  c  but 
a  little,  and  the  Tail  C  may  be  rais’d,  and  deprefs’d,  three  Quar¬ 
ters  of  an  Inch,  the  Pifton  itfelf  remaining  unmov’d. 

Both  Piftons  are  mov’d  by  turning  the  Wheel  R,  whofe  Motion, 
whilft  it  goes  and  comes,  wants  fomewhat  of  the  third  Part  of  a 
Circle. 

The  VefTels  to  be  exhaufted  are  put  upon  the  Plate  G,  and  this 
communicates  by  the  Pipe  XXX  with  the  Barrels.  For  there  is  a 
Cavity  under  the  Plate  C,  which  anfwers  to  the  Pipe  II,  in  which 
there  are  two  Cocks,  Y,  Z,  between  which  the  Pipe  XX  is  join’d 
to  this  Pipe  which  communicates  with  them,  under  the  Plate, 
upon  which  the  Barrels  ftand. 

There  is  a  Cock  under  the  Bottom  of  each  Barrel 3  the  Tails  of 
thefe  Cocks  are  feen  at  L,  L,  which  are  join’d  by  the  Brafs  Ruler 
PP  in  'fuch  Manner,  that  by  the  Motion  of  this  Ruler  both  the 
Cocks  may  be  mov’d  at  the  fame  Time.  To  the  Axis  of  the  Wheel 
R,  behind,  is  join’d  an  Iron  crofs  Piece  H  N  M,  whereby  thefe 
Cocks  are  mov’d. 

In  the  Pofition,  in  which  the  Parts  of  the  Machine  are  repre- 
fented  in  this  Figure,  the  Barrel  B  communicates  with  the  Veflel 
to  be  exhaufted  3  the  Barrel  A  with  the  external  Air  3  and,  by  de- 
preffing  the  Pifton  of  this  Barrel,  all  the  Air  is  forc’d  out  of  it,  and 
in  the  mean  Time  the  other  Pifton  is  rais’d  higher. 

The  Air,  which  is  forc’d  out  of  the  Pump,  goes  out  through  the 
Cock  at  /,  where  there  is  a  Prominence,  that  a  fmall  Valve  made  of 
Leather  may  clofe  the  Hole.  This  Valve  hinders  the  entring  in  of 
the  external  Air,  and  we  may  do  without  it  3  but  it  very  much 
leffens  the  Labour. 

When  the  Pifton  comes  to  the  Bottom  of  the  Pump  A,  the  End 
N  of  the  Crofs  pafles  over  the  Roller  rj,  which  it  deprefles,  railing 
the  End  S  of  the  fmaller  Iron  Ruler  S  V,  which  moves  about  the 
Tail  o,  which  coheres  with  it,  and  goes  through  the  Cylinder  O  in 
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the  Middle  of  the  Ruler  P  P,  join’d  to  it ;  S  V  immediately  returns 
to  it’s  former  Pofition,  and  in  that  very  Moment  the  Pifton  is  ap¬ 
plied  to  the  Bottom  of  the  Pump. 

2147.  The  Motion  of  the  Wheel  is  now  to  be  directed  towards  the 
contrary  Part.  In  the  Return  of  the  Crofs  the  End  N  runs  againft 
the  Roller  v,  and  drives  it  on  ;  ’till  this  Roller  is  fo  deprefs’d,  by 
turning  the  Cocks  L,  L,  that  N  paffes  over  it. 

In  this  turning  of  the  Cocks,  L,  L,  they  deferibe  Arches,  of 
ninety  Degrees ;  and  the  Communication  of  the  Barrel  B  with  the 
Veffel  is  flopp’d,  and  a  new  Communication  with  the  external  Air 
is  open’d ;  the  contrary  to  this  obtains  in  refped:  of  the  Barrel  A. 

During  this  Motion  of  the  Cocks,  C  is  indeed  raifed,  but  the 
Pifton  itfelf  remains  at  the  Bottom  of  the  Barrel  A ;  which  is  ne- 
ceffary  left  the  external  Air  fhou’d  again  enter  into  the  Barrel,  and 
*  2142.  which  how  it  is  done  has  been  faid  above*. 

Now  if  the  Motion  of  the  Wheel  be  continued,  the  Pifton  of 
the  Barrel  A  is  raifed  up,  which  communicates  with  the  Veffel  to 
be  exhaufted,  and  the  Air  is  forc’d  out  from  the  Barrel  B,  and  the 
End  M  of  the  Crofs  paffes  over  the  Roller  v,  and  what  was  ex¬ 
plained  in  the  contrary  Motion,  obtains  in  this  Cafe,  in  the  fame 
Manner. 

2148.  The  Wheel  is  turn’d  by  the  Handle  mm ,  which  is  about  two 
PI.  64.  Foot  long ;  this  is  in  an  horizontal  Pofition,  when  the  Ends  M,  and 

N,  of  the  Crofs,  are  alfo  in  an  horizontal  Line. 

2149.  When  in  this  Motion  it  happens,  that  there  is  a  greater  Refin¬ 
ance,  when  the  Cocks  are  mov’d,  than  in  the  reft  of  the  Motion 
this  is  a  Sign  that  the  Cocks  want  to  be  rubb’d  with  Oil  and  Wax  * 
which  in  hot  Weather  fhou’d  be  repeated,  when  the  Machine  has 
been  in  continual  Motion,  for  three  or  four  Hours. 

2150.  As  to  the  Cocks  Y,  Z,  above-mentioned*,  by  the  firft  the  Com- 
t  2143.  munication  between  the  exhaufted  Veffel  and  the  Barrels  is  flopp’d, 

when  the  Air  is  exhaufted  5  by  the  other,  the  Air  is  again  let  into  the 
Veffel,  and  the  Communication  with  the  mercurial  Gage  is  cut  off. 

2iyi.  This  mercurial  Gage  is  reprefented  at  Q^  it’s  Ufe  is  to  determine 
the  Quantity  of  Air  exhaufted  from  the  Veffel,  as  alfo  the  Quantity 
of  Air  that  remains  in  it  •  by  this  alfo  the  Capacities  of  Veffels  to 
be  exhaufted  are  meafur’d ;  which  is  of  Ufe  in  many  Experiments. 
Mine  differs  from  the  common  Gages. 

2152.  There  is  a  Pipe  at  K  that  has  a  Hole  at  it’s  upper  End,  and  a 
Screw  at  it’s  lower  End,  it  goes  into  the  Plate  G,  and  the  Air  paffes 
through  it  into  the  Pump. 
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In  the  fame  Manner,  a  fmall  Cylinder,  with  a  Screw  upon  it,  is 
frequently  join’d  to  the  Plate  of  the  Pump,  whereby  a  Globe,  or 
any  other  Veffel  to  be  exhaufted,  may  be  applied  to  the  Ma¬ 
chine  ;  which  is  commonly  done  by  putting  a  Cock  between,  that 
the  Veffel  when  emptied  of  the  Air  may  be  feparated  from  the 
Pump. 

In  the  Middle  of  the  Plate  G  there  is  a  Hole  at  a ,  whereby  fe- 
veral  Machines  may  be  joined  to  the  Plate ;  and  which  is  clos’d  by 
a  Screw. 

By  this  Means  alfo  there  is  often  applied  to  the  Pump  a  cylin- 
dric  Box,  full  of  Leathers  waxed,  through  the  Center  of  which  a 
Brafs  Wire  paffes,  which  may  be  mov’d  by  the  Help  of  a  Handle, 
fo  as  to  communicate  Motion  into  a  Place  void  of  Air  5  the  Box 
has  a  Cover,  which  enters  into  it  with  a  Screw,  for  preffing  the 
Leathers  together,  and  the  better  to  prevent  the  paffing  by  of  the 
Air. 

Such  a  Box,  or  Collar  of  Leathers,  is  often  join’d  to  the  Cover 
which  is  laid  over  the  Receivers,  as  may  be  feen  in  Fig.  3.  Plate  3. 
and  in  many  Plates  of  this  Book. 

When  the  Receivers  are  laid  upon  the  Plate  G,  or  when  they 
have  Covers,  and  the  Air  is  to  be  kept  from  getting  in,  fome  Hours, 
or  Days,  we  make  ufe  of  a  Mixture  made  up  of  four  Parts  of  white 
Wax,  two  of  Refin,  and  one  of  Oil  of  Olives  ;  in  Summer  lefs 
Oil  is  requir’d,  in  Winter  more. 

For  a  lefs  Time  it  is  fufficient  to  put  the  Veffels  upon  a  Ring  of 
thin  Leather,  which  has  been  foak’d  fome  Days  in  Oil ;  it  muff  be 
well  oil’d  every  Time,  before  it  is  us’d,  and  left  in  Water  a  Quar¬ 
ter  of  an  Hour;  but  when  the  Experiments  are  ended,  the  Leather 
muff  be  well  dry’d  with  a  Linen  Cloth ;  and  the  lame  Ring  may 
ferve  many  Years,  if  it  be  kept  in  a  dry  Place. 
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A  fmgle  barreled  Air-pump. 

I  lhall  briefly  fhew  how  many  Conveniencies  of  our  Pump,  may  2158. 
be  transferred  to  a  lefs,  and  fingle  barrel’d  Pump.  PI.  66. 

This  Pump  confifts  of  one  Cylinder  A  ;  which  is  applied  to  the 
vertical  Board  or  Frame  B  B. 

The  Pifton  is  like  that,  which  has  been  explained  above  *,  the  *  2140. 
Tail  of  it  has  Teeth  alfo,  and  is  moved  by  Means  of  a  Sedlor  of  a 
Circle  which  has  alfo  Teeth.  The  Motion  is  imprefs’d  by  moving 
the  Handle  m  join’d  to  the  Axis  which  paffes  through  the  Center 
of  the  Sedlor. 

V  O  L.  II. 
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To  the  other  End  of  this  Axis  is  join’d  the  Iron  Crofs  KPO, 
by  Means  of  which  the  Cock  of  the  Barrel  is  moved,  which  is  ap¬ 
plied  beneath  the  Bottom  of  it.  L  is  the  Fail  of  the  Cock,  which 
is  equally  extended  both  Ways,  and  to  which,  at  the  upper  End 
of  it,  is  join’d  the  Roller  v,  and  the  Pin  s  hands  upon  the  lower 
End  of  it. 

In  the  Pofition  of  the  Cock,  which  is  reprefented,  there  is  a 
Communication  between  the  Pump  and  the  external  Air,  through 
an  Hole  at  /,  through  which  the  Air  goes  out  *,  whilft  the  Pifton 
is  deprefs’d. 

When  the  Pifton  is  but  a  little  diftant  from  the  Bottom  of  the 
Barrel,  M  pafies  over  the  Roller  v>  and  when  it  has  pafs’d  over,  O 
is  applied  to  the  Part  s,  and  prefling  it,  it  lifts  up  the  Roller  v 
a  little ;  whereby  the  Pofition  of  the  Cock  is  indeed  alter’d,  but 
the  Way,  through  which  the  Air  comes  out,  is  not  much  narrow’d. 
In  this  Pofition  the  Pifton  is  applied  to  the  Bottom,  and  no  Air 
remains  in  the  Pump. 

The  Motion  of  the  Sedlor  is  now  directed  towards  the  contrary 
Part  5  M  runs  againft  the  Roller  vy  and  turns  the  Cock,  and  the 
Pifton  is  rais’d  *.  When  the  Pifton  is  almoft  come  to  the  Top  of 
the  Barrel,  the  Parts  N  and  P  of  the  Crofs  a<ft,  as  M  and  O  adled, 
before ;  the  Cock  is  turn’d  anew,  the  Motion  of  the  Sector  being 
alter’d. 

During  the  Afcent  of  the  Pifton,  the  Barrel  communicates  with 
the  Veflels  to  be  exhaufted,  by  Means  of  the  Pipe  X  X,  which 
Veflels  are  put  upon  the  Plate  G  *,  or  are  join’d  to  the  Pump  at 
K  * 

By  the  Cock  Y  the  Communication  between  the  Pump  and  the 
Veflels  to  be  exhaufted  is  flopp’d,  and  the^ir  is  let  into  them  again 
alfo. 

The  mercurial  Gage  QTias  the  Ufes  already  mention’d  *  5  that 
reprefented  here  is  a  plain  and  Ample  one,  confifting  of  a  Glafs 
Tube,  above  three  Foot  long,  and  whofe  lower  End  is  immers’d 
in  Mercury.  The  Gage  reprefented  in  Plate  65  may  be  ufed  here 
alfo. 

What  is  contain’d  in  Numbers,  2152,  2153,  2I$4>  2155, 
2156,  and  2157,  fhould  be  referr’d  hither  alfo. 
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CHAP.  V. 

Several  Experiments  concerning  the  Air  s  Gravity ,  and 

it  s  Spring . 

WE  have  Ihewn  that  Air  is  heavy  it  maybe  weigh’d  like  2163. 

other  Bodies,  and  fo  it’s  Denfity  may  be  compar’d  with  *  2084. 
that  of  other  Bodies*.  If  the  Veffel  that  contains  the  Air  be  *  1463. 
weigh’d,  when  it  is  full  of  Air,  and  again,  when  the  Air  is  exhaufted, 
the  Difference  between  their  Weights  is  the  Weight  of  the  Air. 

But  we  fhou’d  make  ufe  of  a  very  nice  Balance. 

» 

Experiment  i. 

Having  exhaufted  the  Air  out  of  the  Glafs  Ball  G  *,  whofe  folid  2164. 
Contents  are  283  cubic  Inches.  This  is  fufpended  on  the  Arm  B  PI.67.F.1. 
of  the  Balance  AB;  Weights  are  put  into  the  Scale  L,  to  make  *  2153. 
an  Equilibrium.  The  Cock  E  being  open’d,  the  Air  enters  in,  and 
the  Equilibrium  is  deftroy’d  ;  but  it  is  reftor’d,  if  about  an  hundred 
Grains  be  added  to  the  Weight  in  the  Scale ;  fometimes  the  num¬ 
ber  of  Grains,  which  are  added,  is  greater,  and  often  lefs,  accord¬ 
ing  to  the  different  Temper  of  the  Air,  which  undergoes  Alterations, 
from  the  Alteration  of  the  Weight  of  the  Atmofphere,  and  from 
other  Caules. 

We  have  feen  that  Bodies  immerfed  in  Fluids  are  fuftain’d  by  2165. 
them,  and  more  or  lefs  according  to  the  greater  or  lefs  Bulk  of  the 
Body  *  ;  and  the  Weight  loft  in  that  Cafe  is  determin’d  from  the  *  1495. 
known  Denfity  of  the  Fluid  *.  By  the  foregoing  Experiment,  there-  *  1478. 
fore,  it  may  be  known,  how  much  Bodies  gravitate  lefs  in  Air  than 
in  a  Vacuum. 

Hence  alfo  may  be  deduc’d,  that  Bodies  that  are  in  Equilibria  in  2166. 
the  Air ,  ip  their  Bulks  are  unequal ,  will  lofe  their  Equilibrium  in  a 
V acuum ,  which  is  confirm’d  by  the  following  Experiment. 

Experiment  2. 

The  Copper  Plate  e  i  is  applied  to  the  Plate  G,  of  the  Air-pump,  2167. 
and  is  fallen ’d  by  Means  of  the  (mail  Tube  K,  whofe  Screw  goes  PI. 6 7. F. 2. 
through  the  Plate.  To  this  Plate  at  /  there  is  faften’d  a  Ihort 
Cylinder,  to  which  the  Copper  Plate  F  H  is  join’d,  which  hinders 
the  Bodies,  made  Ufe  of  in  the  Experiment,  from  touching  the 
Leather  Ring  *,  applied  to  the  Plate  G,  in  their  Motion.  *  2137. 
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At  the  End  e  of  the  fame  Plate,  a  thick  Brafs  Wire  ftands  upon 
it,  which  is  bent  at  Top,  that  the  Plate  L  may  be  vertically  join’d 
to  it,  which  has  a  Hook  at  Bottom,  and  which  can  be  rais’d,  and 
deprefs’d,  and  fix’d  by  Means  of  the  Screw  n. 

A  fmail  and  very  exadt  Balance  is  fufpended  upon  this  Hook  •> 
the  Solid  D  of  Wax  and  the  Leaden  Weight,  which  together  with 
their  Chains  are  in  Equilibrio,  are  hung  upon  the  Balance  -3  and  the 
Plate  L  is  fix’d  at  fuch  an  Height,  that  the  Balance  can  only  move  a 
little. 

All  thefe  Things  are  cover’d  with  the  Glafs  Receiver  R,  and  the 
Air  being  exhaufted,  the  Wax  preponderates,  it’s  Bulk  being  great¬ 
er  than  the  Bulk  of  the  Piece  of  Lead  P,  it  muft  be  more  fuftain’d 
by  the  Air ;  when  you  let  the  Air  into  the  Receiver  again,  the 
Equilibrium  is  reftor’d. 

The  Eiaflicity  or  Spring  of  the  Air  which  has  been  prov’d  in  the 
fecond  Chapter  of  this  Book,  becomes  more  fenlible  by  the  follow¬ 
ing  Experiment. 

Experiment  3. 

2169.  Tie  up  a  Bladder  very  clofe,  with  a  fmail  Quantity  of  Air  in  it, 
put  a  Receiver  over  it,  and  pump  out  the  Air ;  thereby  the  Preffure 
upon  the  External  Surface  of  the  Bladder  will  be  diminifhed ;  and 
immediately  the  Air  included  in  the  Bladder  will  expand  itfelf,  and 
fwell  it  out. 

2170.  We  have  feen  ^at  the  Spring  of  the  Air  is  equal  to  the  Weight 
*  21 1  c.  °f  the  whole  Atmofphere  the  following  Experiment  will  make 

it  vifible. 

Experiment  4. 

2  iyj.  Take  a  Bladder  tied  up  very  clofe,  and  not  quite  full  of  Air,  and 
PI.67.F.3.  put  it  in  the  Bottom  of  the  Wooden  Box  A,  whofe  interior  Diame¬ 
ter  is  three  Inches.  Put  on  the  Leaden  Weight  P,  which  weighs 
forty  Pounds,  and  goes  into  the  Box,  only  leaving  Room  for  the 

Bladder. 

Cover  the  Box  with  a  Glafs  Receiver,  pretty  high,  that  the 
Weight  P  may  be  raifed  an  Inch  high. 

I  he  Air  being  exhaufled,  the  Bladder,  as  in  the  foregoing  Ex¬ 
periment,  will  fwell  out,  whereby  the  Weight  will  be  rais’d  :  if  the 
Weight  were  as  big  again,  it  wou’d  be  rais’d  in  the  fame  Manner. 
2172.  _  In  the  following  Experiment  we  obferve  the  Effedts  of  the  Gra¬ 

vity  of  the  Air  and  it’s  Spring  at  the  fame  Time, 
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Chap.  5.  of  Natural  Philofophy. 

Experiment  5. 

To  the  Hole  a  in  the  Middle  of  the  under  Side  of  the  Plate  G 
of  the  Air-pump,  fcrew  on  the  hollow  Brafs  Cylinder  B.  This  p 
Cylinder  coheres  with  the  Glafs  Tube  T,  open  at  both  Ends,  whofe  * 
lower  End  is  immerg’d  in  Mercury,  contained  in  the  Box  P.  The 
Mercury  is  fuftained  in  the  Torricellian  Tube  ig,  as  was  faid  be¬ 
fore  *.  The  Veflel  V,  together  with  the  Tube,  is  put  upon  the  % 
Plate  G,  and  covered  with  the  Glafs  Receiver  R.  The  Receiver 
is  open  at  Top,  and  has  the  Brafs  Cover  E,  to  which  the  Cylinder 
C  is  join’d,  into  which  is  put  the  End  of  a  wider  Glafs  Tube  D, 
which  is  clos’d  at  Top,  and  contains  the  Tube  ig.  By  thefe  all 
Communication  between  the  outward  Air  and  the  Veflel  V  is  taken 
away.  The  Air,  in  the  Tube  T,  only  communicates  with  the  Air 
in  the  Receiver  R  and  the  Tube  D,  and  by  it’s  Elailicity  hinders 
the  Mercury  from  rifing  into  the  Tube,  by  the  Preflure  of  the  ex¬ 
ternal  Air  ;  the  Air  alfo,  inclos’d  in  the  Receiver  R,  fuftains  the 
Mercury  in  the  Tube  gi  by  its  Elafticity  *.  The  Air  muft  be  re¬ 
drawn  out  from  the  Veflel  R  ;  whilft  the  Denfity  decreafes,  the 
Elafticity  decreafes  alfo  *,  and  the  Force,  by  which  the  Mercury  is  % 
fuftained  in  the  Tubeg/,  is  lefs;  therefore  the  Mercury  defeends. 
At  the  fame  Time  the  Preflfure  of  the  external  Air  overcomes  the 
Refiftance  in  the  Tube  T  ;  and  the  Mercury  afeends  into  the  Tube. 
The  Diminution  of  Elafticity  in  the  Tube  T,  and  Veflel  R,  is  the 
fame,  and  the  Effedi:  of  the  Diminution  in  each  Cafe  is  the  fame  : 
Therefore  the  Mercury  defeends  fo  much  in  the  Tube  ig,  as  it  rifes 
into  the  Tube  T  ;  which  agrees  with  the  Experiment.  By  this 
Method  the  Mercury  is  raifed  to  f  whilft  the  Tube  g  i  remains  al- 
moft  empty ;  the  Air  being  again  let  in,  the  Mercury  afeends  into 
the  Tube  gi,  whilft  it  finks  in  the  Tube  T. 

This  Experiment  confirms  the  Rule  concerning  the  Elafticity  of  the 
Air,  mentioned  before  *.  The  Diminution  of  the  Quantity  of* 
Air,  in  every  Motion  of  the  Pump,  follows  the  fame  Ratio  ;  for 
the  Air  contained  in  the  fame  Receiver,,  when  the  Pifton  is  applied 
to  the  Bottom,  is  always  to  the  Air,  which  remains  in  the  Receiver, 
after  the  Motion  of  the  Pifton,  as  the  Capacity  of  the  Receiver, 
and  the  Part  of  the  Barrel,  which  the  Pifton  has  left  empty,  to  the 
Capacity  of  the  Receiver  alone. 

Whence  we  infer,  that  the  Quantities  of  Air,  which  remain  after 
each  of  the  fuccef  we  Motions  of  the  Fiftons,  are  in  geometrical  Fro -  * 
greficn  ;  as  are  a! jo  the  Denfities  and  the  Elajlicities  -j-,  which  laft 

is  now  to  be  confirm’d. 
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Experiment  6. 

2176.  In  this  Experiment  we  make  ufe  of  any  Receiver  whatever,  but 
PI.68.F.1.  we  muft  have  the  Tube  T :  In  that  which  I  fhall  now  mention  the 
Receiver  was  not  very  large. 

After  two  Agitations  of  the  Pump,  that  is,  after  one  Motion  of 
each  Pifton,  the  Height  of  the  Mercury  in  the  Tube  T  was  ir, 
i  Inches;  again,  after  two  Agitations  the  Height  was  17,  85  Inches: 
Laftly,  in  two  Agitations  more  it  came  to  the  Height  of  22,  1 
Inches. 

The  Height  in  the  empty  Tube  was  29  Inches. 

Therefore  the  compreffing  Forces,  which  are  equal  to  the  De¬ 
grees  of  Elafticity,  were  29;  17,  9  ;  11,  15  ;  6,  9  *  ;  which 
Numbers  differ  little  from  a  geometrical  Progreffion  :  For  if  we 
feek  tv/o  mean  Proportionals  between  the  firft  and  the  fourth,  we 
have  this  Proportion,  29;  17,  97;  11,  14;  6,  9. 

In  the  fifth  Experiment  we  laid,  that  the  Tube,  enclos’d  in  the 
Fveceiver,  was  almoft  emptied  of  the  Air  •  for  if  there  fhould  be 
no  Air  at  all  in  the  upper  Part  of  the  Tube,  the  Air  can  never  be 
fo  taken  out  from  the  Receiver,  as  that  there  will  be  the  fame 
Height  of  Mercury  in  the  Veffel  and  in  the  Tube;  if  this  obtains, 
as  fomctimes  happens  to  thofe,  who  are  lefs  careful,  we  may  be 
certain,  that  there  is  fome  Air  in  the  Tube. 

2179.  The  Mercury  which  remains  in  the  Tube,  fhews  that  there  re¬ 
mains  a  Preffure  upon  the  Surface  of  the  Mercury  in  the  Veffel. 

2180.  We  have  feen  that  all  the  Air  can  never  be  taken  out  of  a  Veffel, 
by  repeating  the  Strokes  of  the  Pump  ;  but  yet  that  it  can  be  fo 

*  2136.  diminifhed,  that  the  Denfity  will  not  be  fenlible  *.  But  if  we 
confider  the  Conftrudtion  of  Pumps,  this  is  manifeft  enough  ;  that, 
when  the  Pifton  is  applied  to  the  Bottom,  all  the  Air  can  never  be 
fo  thrown  out,  fo  that  none  at  all  will  remain  ;  whence  it  follows, 

2181.  that  the  Denfity  oj  the  Air  in  the  Veffel,  which  is  emptied ,  cannot  be 

2182.  diminifhed  beyond  a  certain  Degree  ;  yet,  if  we  come  to  compute  it, 
we  find  this  Denfity  fo  fmall,  that  the  Elafticity  wou’d  be  very  little 
fenlible,  if  it  JhoiCd  be  diminifhed  with  the  Denfity.  If  a  fix  hun¬ 
dredth  Part  of  the  Air  ftiou’d  remain,  and  it  appears  that  there  often 
remains  a  lefs  Part,  the  Elafticity  wou'd  not  fufiain  the  Mercury  at 
the  Height  of  a  twentieth  Fart  of  an  Inch.  But  we  muft  determine 
nicely  what  the  Elafticity  is  equal  to. 

2183.  f  his  is  eafily  obtained,  when  in  Exp.  5.  we  make  ufe  of  the 
Torricellian  lube  well  emptied  ;  for  then  the  Height  of  the  Mer¬ 
cury 
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cury  in  the  Tube,  after  the  Receiver  is  exhauiled,  immediately 
fhews  the  elaftic  Force  of  the  remaining  Air  ;  but  it  is  very  diffi¬ 
cult,  before  Immerfion,  to  fill  the  Tube  with  Mercury,  fo  that  no 
Air  at  all  may  remain  in  it. 

We  muft  then  ufe  the  Barometer.  The  Torricellian  Tube  is  fo  2184, 
call'd,  when  it  is  applied  to  a  Frame,  on  which  are  marked  Divi- 
fions  at  the  Side  of  the  Tube,  that  the  Height  of  the  Mercury  in 
the  Tube  may  immediately  be  known.  In  the  Conftrudtion  of 
fuch  an  Inftrument  greater  Care  is  taken,  than  in  filling  a  Tube, 
which  is  made  ufe  of  in  one  or  two  Experiments.  Therefore  if 
we  have  a  Barometer,  made  by  a  good  Workman,  and  in  which 
the  Divifions  accurately  fhew  the  Height  of  the  Mercury  in  the 
Tube,  the  great  eft  Height,  to  which  the  Mercury  can  rife  in  the  2185. 
Tube  T,  will  be  to  be  fubJiraBed  from  the  known  Height  of  the  Baro¬ 
meter ,  and  the  Difference  will  exprefs  the  Height ,  at  which  it  can  be 
fiflained  by  the  Elajlicity  of  the  Matter ,  remaining  in  the  Receiver. 

But  if  we  have  not  fuch  a  Barometer,  we  may  make  ufe  of  this  ,2186. 
Method.  We  may  fill  with  Mercury  a  fhort  Tube,  about  three 
Inches  long,  and  immerge  it  in  Mercury,  contain’d  in  a  Vefiel, 
as  was  faid  of  the  Torricellian  Tube  *  ;  but  a  fmall  Tube  may  more  *  2085. 
eafily  be  fill’d  nicely ;  and  when  it  is  once  prepar’d  it  is  eafily  kept, 
to  ferve  again,  as  often  as  you  pleafe  5  that,  which  I  make  ufe  of, 
has  been  fill’d  above  twenty  Years.  Along  the  Tube  on  one  Side 
there  is  applied  a  Paper,  on  which  is  drawn  a  Line  divided  into 
Inches,  and  fmaller  Parts ;  I  made  ufe  of  Rhinland  Inches  divided 
into  Twelfths,  which  are  call’d  Lines.  The  Tube  is  faften’d,  that 
it  may  be  vertical.  x 


Ex  PERIMENT  7. 

Thefe  Things  being  thus  prepar’d,  the  fmall  Vefiel  V  with  it’s  2187. 
Tube  A  B,  is  covered  with  any  Receiver  whatever;  the  Air  being  PI. 69.-F.1. 
exhaufted  as  much  as  poffible,  the  Height  of  the  Mercury  is  mea- 
fured  by  help  of  the  Divifions  join’d  to  the  Tube. 

This  Height  is  very  different  according  to  the  different  Temper  2188, 
of  the  Air,  and  always  greater  when  it  is  moift.  In  which  laft  Cafe 
the  Height  is  fometimes  feven  Lines,  that  is,  it  exceeds  half  an 
Inch  ;  at  other  times,  the  Height  is  Ids  than  a  Quarter  of  an  Inch, 
but  this  feldom  happens. 

When,  the  Elafticity  of  the  Air  can  be  no  further  diminifhed,  by  2189. 
repeating  the  Strokes  of  the  Pump  ;  which  is  known,  when  the 
Mercury  finks  no  more  in  the  faid  Tube,  or  when  it  is  no  longer  rais’d 
2  in 
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in  the  Gage  of  the  Pump,  we  muft  not  conclude,  that  the  Denfity 
of  the  Air  cannot  be  diminiihed  any  more. 

2T90.  The  Experiment  concerning  Sound,  which  we  fhall  explain  in 
*  2324.  what  follows  *,  evidently  fhews,  that  the  Denfity  is  diminifhed, 
by  continuing  the  Strokes  of  the  Pump,  whilft  the  Gage  is  not  al- 
2191.  ter’d  at  all ;  which  follows,  from  a  very  remarkable  Property  of  the 
Matter ,  which  remains  in  the  Receiver  ;  for  this  Matter,  although  it 
*2137.  he  dilated ,  keeps  it's  Elajlicity  ;  as  has  been  fhewn  above  *,  and  is 
immediately  demonftrated  by  Experiment. 


Experiment  8. 

2192  We  make  ufe  of  the  fame  Tube  A  B  together  with  it’s  fmall 
Pl.60  F  i.  Veflel  V,  and  us’d  in  the  laft  Experiment,  and  cover  it  with  a  lefs 
Receiver,  which  may  be  done.  T  he  Receiver  is  fo  difpos’d,  that 
it  may  inclofe  the  Hole  a  in  the  Middle  of  the  Plate  G.  Into  this 
Hole  is  put  the  Screw,  cohering  with  the  Bottom  of  the  Syringe  P, 
which  is  join’d  to  the  Plate  by  Means  of  it.  The  Pifton  fills  the 
Syringe  nicely,  fo  that  the  Air  cannot  pafs  by  ;  but  the  Air  can  go 
freely  through  the  Hole  in  the  Bottom  from  the  Receiver  into  the 
Syringe. 


2193. 


^  2109. 
2194. 


The  Air  being  exhaufted,  fo  that  the  Height  of  the  Mercury  in 
A  B  might  be  two  Inches,  I  ftopt  the  Communication  between  the 
Barrels,  by  which  the  Air  is  exhaufted,  and  the  Receiver  ;  but  the 
Pifton  of  the  Syringe  P  being  deprefs’d,  the  Defcent  of  Mercury  in 
the  Tube  AB  was  four  Lines  ;  that  is,  it  was  equal  to  a  fixth  of  the 
whole  Height. 

Continuing  to  empty  the  Receiver,  the  fmalleft  Height,  to  which 
the  Mercury  in  the  Tube  cou’d  be  reduc’d,  was  fix  Lines:  The 
Communication  with  the  Barrels,  by  which  the  Air  is  taken  out, 
being  now  ftopt  again,  and  the  Pifton  of  the  Syringe  being  de¬ 
prefs’d,  no  Alteration  at  all  cou’d  be  perceiv’d  in  the  Pleight  of  the 
Mercury  in  the  Tube  ;  according  to  the  Rule  *  the  Mercury  fhou’d 
have  been  deprefs’d  the  twelfth  of  an  Inch. 

The  elaftic  Matter,  produced  from  Water,  has  this  Property  alfb, 
that  the  Elafticity  is  not  diminifhed  with  the  Denfity,  as  was  faid  in 
N.  2  13  1. 


Experiment  9. 

2  195.  ,  A  fpherical  Glafs  Veflel,  which  has  a  long  Neck,  is  inclos’d  in  a 

higher  Receiver  (as  the  Upper  Receiver  R  in  Fig.  2.  Plate  71.)  and, 
the  Air  being  exhaufted,  it  is  left  for  fome  time,  that  the  greater  Part 
of  the  Matter  mentioned  may  go  out  of  the  Water. 


The 


The  Receiver  being  taken  away  the  Veffel  is  inverted,  and  the 
Aperture  of  the  Neck  is  immerged  in  a  Glafs,  containing  Water, 
but  which  is  alfo  clear’d  in  Part  of  the  faid  Matter.  The  Veffel 
remains  full  of  Water  *.  This  is  covered  with  the  Receiver  toge¬ 
ther  with  the  Glafs ;  and  the  Air  is  drawn  out,  ’till  the  Surface  of 
the  Water  in  the  Neck  of  the  Veffel  agrees  to  the  Surface  of  the 
Water  in  the  Glafs.  The  Elafticity  of  the  Matter  remaining  in  the 
Receiver  is  meafur’d  *.  This  is  equal  to  the  Elafticity  of  the  Mat¬ 
ter,  which,  during  the  Evacuation,  went  out  of  the  Water  into 
the  Veffel ;  for  if  this  Matter  fhou’d  not  fo  prefs  the  Surface  of  the 
Water  in  the  Neck  of  the  Veffel,  the  Water  by  it’s  Preffure  upon 
the  external  Surface  wou’d  rife  into  the  Neck 

The  Air  being  let  into  the  Receiver,  the  Water  riles  into  the 
Veffel,  and  the  eiaftic  Matter  is  reduc’d  into  a  fmall  Bubble ;  which 
if  we  meafure,  we  find  the  Dilatation  of  the  Matter  in  the  Expe¬ 
riment  ;  by  comparing  the  Magnitude  of  the  Bubble,  with  the  Mag¬ 
nitude  of  the  Veffel  itlelf 

By  fuch  an  Experiment  we  often  find  that  fuch  a  Bubble  is  di¬ 
lated  ten  thoufand  times,  or  fifteen  thoufand  times,  and  more. 

But  the  Elafticity  in  thefe  Experiments  is  always  fufficient  to  fuf- 
tain  a  Column  of  Mercury,  which  is  not  lefs,  and  frequently  greater, 
than  an  hundredth  Part  of  that,  which  is  fuftained  by  the  Weight 
of  the  whole  Atmofphere. 

By  the  following  Experiments  we  fhall  illuftrate  fome  other  Phae¬ 
nomena,  which  depend  upon  the  Weight,  or  Elafticity  of  the  Air. 

m 

Experiment  io. 

If  the  Pifton  of  a  Syringe  be  applied  to  it’s  Bottom,  and  a 
Tube  join’d  to  the  Syringe  be  immerg’d  in  Water  ;  the  Water,  if 
the  Pifton  be  rais’d  up,  will  follow  it,  and  fill  the  Cavity  between 
the  Bottom  of  the  Syringe  and  the  Pifton. 

It  is  manifeft  that  this  Afcent  is  to  be  attributed  to  the  Preffure 
of  the  outward  Air;  for  this  Reafon,  the  Water  does  not  rife  into 
the  Syringe  in  a  Vacuum  ;  becaufe  this  Preffure  is  wanting. 

Experiment  i i. 

Join  the  Glafs  Tube  be  to  the  Syringe  A,  which  is  faften’d  to 
the  Brafs  Cover  O,  with  which  the  Glafs  R  to  be  exhaufted  is  cover’d, 
the  End  c  of  which  Tube  defeends  below  the  Surface  of  the  Water, 
contain’d  in  the  Veffel  V ;  thruft  down  the  Pifton  to  the  Bottom 
of  the  Syringe,  and  let  the  Air  be  pump’d  out  of  the  Receiver.  If 
then  you  pull  up  the  Pifton,  the  Water  will  not  rife. 

Vol.  II.  E 
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The  Force,  by  which  the  Air  preffes  upon  Bodies,  often  breaks 
them,  when  the  Preffure  is  not  equal  every  Way. 

Experiment  12. 

The  Brafs  Cylinder,  or  truncated  Cone,  A,  is  cover’d  with  a 
flat  Piece  of  Glafs,  and  the  Ingrefs  of  the  Air  is  hinder’d  by  putting 
Wax  round  it;  if  the  Air  is  pump’d  out  of  the  Cylinder,  the  Plate 
of  Glafs  will  be  broken  by  the  Preffure  of  the  external  Air,  and  re¬ 
duc’d  into  a  kind  of  Powder,  if  it  be  not  too  thin ;  if  it  be  too 
thick  it  fuftains  the  Preffure  without  breaking. 

Though  the  Air  preffes  downwards,  yet  fometimes  fome  Parts  of 
the  Glafs  are  thrown  fide- wife  with  great  Force,  fo  as  to  endanger 
the  Eyes  of  thofe  that  ftand  by ;  therefore  we  cover  the  Cylinder  A 
with  the  Receiver  R.  And  that  the  fmaller  Pieces  of  Glafs  may  be 
taken  away,  and  that  no  Piece  may  get  into  the  Pump,  I  cover  the 
Plate  G  of  the  Pump  with  Paper.  The  Paper  has  a  Hole  in  it  in 
the  Place,  that  anfwers  to  the  Hole,  through  which  the  Air  goes 
out ;  fo  that  the  Paper  does  not  hinder  the  Brafs  folid  Piece  B,  whofe 
Screw  D  anfwers  to  the  Screw  in  the  faid  Hole,  from  being  join’d 
to  the  Plate  G.  To  the  fame  Solid,  by  Means  of  the  Screw  C,  is 
join’d  the  fmaller  Brafs  Plate  O,  of  the  fame  Kind  as  thofe  that  cover 
the  Glaffes,  as  in  Fig.  4.  of  this  Plate.  The  folid  Piece  B  has  a 
Hole  in  it,  and  into  the  upper  Part  of  the  Hole  is  put  the  fmall 
Pipe  E,  which  is  bent  at  /.  With  a  Leather,  prepar’d,  as  was  faid 
of  the  Rings  *,  we  cover  the  Plate  O,  and  put  the  Cylinder  A  up¬ 
on  it ;  fo  that  this  Plate  receives  no  Damage  at  all. 

If  the  Glafs  fuftains  the  whole  Weight  of  the  Atmofphere,  you 
mu  ft  give  it  a  gentle  Blow  ;  for  this  Reafon  we  make  Ufe  of  a  Re¬ 
ceiver  open  at  Top,  as  R. 

Experiment  13. 

Take  a  Syringe  A  of  the  Diameter  of  three  Quarters  of  an  Inch  ; 
pufh  down  the  Pifton  to  the  Bottom  of  it,  and  flop  the  Hole  at  the 
Bottom  of  the  Syringe ;  if  the  Weights  P,  p ,  which  together  are 
equal  to  five  Pounds,  be  join’d  to  the  Syringe,  and  the  Handle  B 
of  the  Pifton  be  held  in  the  Hand,  the  Syringe  will  not  defcend, 
although  it  be  fuflain’d  itfelf,  together  with  the  Weights  ;  for  it  can¬ 
not  defcend,  unlefs  the  Weight  hung  on  it  overcomes  the  Preffure 
of  the  Air,  which  exceeds  fix  Pounds.  -  If  inftead  of  five  we  hang 
on  fix  Pounds,  the  Syringe  will  defcend;  becaufe  to  the  fix  Pounds 
there  is  fuperadded  the  Weight  of  the  Syringe.  Care  muft  be  taken 
that  the  Fridtion  of  the  Syringe  be  very  fmalL 

2  Experi- 
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the  Brim  or  Edge  of  each  of  them  be  well  polifih’d,  fothat  they  may 
fit  together,  and,  when  they  are  applied  clofe,  put  a  little  Wax  be¬ 
tween,  to  exclude  the  Air.  There  is  a  Cock  in  the  Segment  H, 
by  which  the  two  Segments,  when  joined  together,  may  be  applied 
to  the  Air-pump  *,  and  which  muft  be  fhut,  when  you  have  ex-  *  2153. 
haufted  the  Air.  The  Segments  are  fufpended  by  the  Ring  A,  and, 
by  the  Ring  Q^,  you  may  hang  to  them  the  Weights  that  are  laid 
upon  the  great  wooden  Scale  T.  If  the  Diameter  of  the  Segments 
be  three  Inches  and  an  half,  a  Weight  of  about  140  Pounds  will  be 
requir’d  to  pull  them  afunder. 

We  make  Ufe  of  the  Machine  with  three  Legs  beforemention’d  *,  2209. 

and  apply  the  Ring  A  to  the  Hook  V,  which  can  be  rais’d  and  let  *  1441. 
down,  that  the  Scale  T  may  be  fufpended  at  a  fmall  Diftance  from 
the  Ground.  The  Ring  Q^is  put  into  the  Hook  G,  which  coheres' 
with  V  by  a  fmall  String,  that  the  Segment  E  may  not  fall  down, 
and  receive  Damage. 

The  Scale  T  together  with  its  Chains  weighs  fifteen  Pounds,  we  2210. 
put  on  an  hundred  and  twenty  five  Pounds,  and  the  Segments  are 
feparated,  if  the  Height  of  the  Barometer  be  lefs  than  twenty  nine 
Inches ;  fome  Weight  muft  be  added,  when  the  Prefiixre  of  the 
Atmofphere  is  greater. 

If  thefe  Segments  are  hung  up  in  a  Vacuum,  they  will  be  fepa-  2211. 
rated  by  fo  fmall  a  Force,  as  is  requir’d  to  overcome  the  Cohefion 
of  the  Wax. 

Experiment  16. 

On  the  Plate  G,  of  the  Air-pump,  is  put  the  Wooden  Ring  B  B,  2212. 
which  is  fupported  by  three  Feet ;  the  brafs,  bent  Plate  D  ftands  PI.69.F.3 
upon  it,  which  makes  a  kind  of  Handle,  and  is  faften’d  by  Screws, 
one  of  which  is  feen  at  /.  In  the  *  upper  Part  of  the  Handle  there 
is  faften’d  the  Hook  V,  on  which  are  hung  the  Segments  H  and  E, 
join’d  together,  and  exhaufted,  as  in  the  laft  Experiment. 

Then  a  Collar  of  Leathers  is  join’d,  at  Bottom,  to  the  Plate  G*.  2213. 

The  Brafs  Wire  F  C  pafies  through  it  5  whofe  End  C  with  the  Ring  *  2155. 
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of  the  Segment  E  is  join’d  to  a  Hook  made  of  a  fmall  Brafs  Wire* 
as  is  reprefented  at  N,  in  Figure  4. 

All  thefe  Things  are  inclos’d  in  the  Receiver  R,  and  the  Air  is 
exhaufted  ;  and  the  Segments  are  very  eafily  feparated,  by  pulling 
the  Handle  M  downwards. 

The  Ring  B  B  hinders  the  lower  Segment,  when  it  falls,  from 
breaking  the  Glafs  R,  or  damaging  the  Plate  G. 

A  Force,  equal  to  that,  which  was  applied  in  the  laft  Experi¬ 
ment  but  one,  is  requir’d  to  feparate  the  Segments  mentioned, 
when  they  are  inclos’d  in  a  Veflel,  and  Air  being  left  between  the 
Segments  of  the  fame  Tenor  as  the  external  Air,  and  the  Cock  be¬ 
ing  fhut,  the  Air  in  the  Veflel  is  brought  to  a  double  Denfity. 

A  MACHIN  E, 

Whereby  Experiments  are  made  in  condens'd  Air. 

2216.  This  Machine  is  of  Brafs,  and  confiils  of  the  Hollow  Cylinder 
PI70.F.1.MN,  whofe  Diameter  is  fix  Inches,  and  Height  eight,  or  ten 

Inches.  It’s  Bafes  are  made  of  thick  Metal;  to  thefe  are  join’d  the 
Rings  b  and  dy  which  furround  the  Cylinder,  that  the  Machine 
may  the  better  refill  the  inward  Preflure  ;  for  the  fame  Reafon  the 
Ring  c  is  alfo  folder’d  to  the  Middle  of  it,  with  which  in  the  up¬ 
per  Part  the  Cock  B  coheres,  and  at  Bottom  the  perforated  Piece 
(r  Fig .  4.),  that  by  Means  of  a  Screw  the  Collar  of  Leathers  may  be 
*  2255.  join’d  to  the  Machine  *.  When  we  don’t  ufe  the  Collar  of  Lea¬ 
thers,  we  clofe  the  Hole  with  a  plain  Stop. 

2217.  The  fore-part  of  it,  which  is  reprefented  feparately  at  C,  has  a 
PI  70.F.2.  Hole,  whofe  Diameter  is  four  Inches.  This  Hole  is  furrounded  by 

the  Prominence  0  0 ,  and  at  a  fmall  Diftance  from  it  the  four  Screws 
/,  /,  /,  go  into  the  Bafe. 

2218.  This  Hole  is  clos’d  by  a  Cover,  whofe  Infide  is  reprefented  at  D  j 
and  it’s  Outfide  is  feen  at  Fig.  1 . 

To  the  Infice  of  this  Cover,  which  has  a  Hole  in  it,  the  Glafs 
Plane  X  is  applied,  whofe  Diameter  is  three  Inches  and  an  half, 
and  which  is  more  than  a  third  of  an  Inch  thick.  The  Diameter 
of  the  Hole,  ftopt  by  this  Glafs,  is  lefs  than  three  Inches.  The 
Cover  is  made  hollow,  to  receive  the  Glafs ;  but  by  Reafon  of  the 
Thicknefs  of  the  Glafs,  the  Metal  mull:  be  pretty  thick  round  it, 
and  the  Glafs  is  encompafs’d  with  a  Kind  of  Ring,  that  it  may  be 
fallen ’d  with  Cement. 
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In  the  oppofite  Bafe,  there  is  a  like  Hole,  which  is  clos’d  in  the 
Infide,  in  the  fame  Manner,  by  a  like  Glafs  Plane. 

The  Hole  C  is  clos’d  by  the  Cover  D,  as  was  laid,  which  that  it 
may  be  done  exactly,  the  Ring,  furrounding  the  Glafs,  is  encom- 
pafs’d  with  the  Groove  n  n.  Into  this  Groove  is  put  a  Pving  of 
Leather,  which  covers  the  Bottom  of  the  Groove,  and  is  of  the 
fame  Breadth.  The  fame  Thing  mu  ft  be  oblerv’d  with  refpedt  to 
this  Leather,  as  was  upon  another  Occafion  *. 

When  the  Cover  is  applied  to  the  Plole  C,  the  four  Screws 
/,  /,  /,  /,  go  through  as  many  Holes  in  the  Cover  itfelf,  and  the 
Ring  0  0  goes  into  the  Groove  n  n ,  and  compreftes  the  Leather  in  the 
Bottom  of  it;  the  external  Screws  (<?,  e ,  <?,  e,  Fig .  1.)  are  join’d  to 
the  Screws  i,  /,  /,  /,  and  the  Cover,  by  Means  of  them,  is  well 
faften’d  on ;  but  the  Ring  0  0  ftands  out  in  fuch  Manner,  that  it 


alone  immediately  touches  the  Cover  ;  fo  that  the  Leather  fuftains 
the  whole  Compreflion. 

This  Machine  is  join’d  to  the  wooden  Stand  FF,  which  is  put 
upon  another  Stand  G  alfo,  from  which  it  is  eafily  remov’d. 

When  the  Air  is  to  be  comprefs’d,  we  make  ufe  of  the  Syringe 
A,  from  which  the  Bottom  B  may  be  feparated.  The  Pifton  E 
fills  it’s  Cavity  exactly  ;  the  Leathers  i  /,  are  fo  difpos’d,  that  the 
Pifton  muft  be  thruft  in  through  the  Hole  y>,  the  Bottom  being 
taken  away  ;  the  fame  muft  be  obferv’d  of  thefe  Leathers  as  was 
laid  above  *.  Whilft  the  Pifton  is  thruft  in,  it’s  Tail  D  is  put 
through  the  Hole  in  the  Cover  C,  which  is  applied  to  the  Syringe  ; 
that  this  may  be  done  the  Handle  M  is  feparated  from  it,  which  is 
again  join’d  to  it,  and  retain’d  by  the  Screw  n. 

After  the  Pifton  is  thruft  in  the  Bottom  B  is  added  to  the  Sy¬ 
ringe,  and  a  Leather  Ring  *  being  put  between,  it  is  well  faften’d  by 
the  help  of  Keys,  one  of  which  is  join’d  to  the  Cover,  and  the 
other  to  the  Syringe  itfelf  at  f 

At  t  there  is  applied  a  fmall  Leather  Valve,  that  the  Air  may  go 
out  of  the  Syringe,  through  the  Hole  in  it’s  Bottom,  but  not  get 
into  it :  For  this  Reafon,  when  the  Pifton  is  remov’d  from  the  Bot¬ 
tom,  the  Syringe  remains  empty,  ’till  the  Pifton  comes  to  the  Top  ; 
but  then  the  Air  enters  through  the  Hole  0 .  When  a  Syringe  is 
us’d,  whofe  Bottom  can’t  be  taken  off,  there  is  a  peculiar  Method 
of  thrufting  in  the  Pifton ;  I  generally  prefer  the  Syringes  whofe 
Bottoms  may  be  remov’d,  excepting  fuch  as  are  us’d  in  Air-Pumps. 

The  Syringe  is  join’d  to  the  Cock  B,  of  the  Cylinder  M  N,  the 
mercurial  Gage  K  being  put  between.  Thisconfifts  of  a  Glafs  Tube 
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of  a  very  fmall  Bore,  and  contains  a  fmall  Quantity  of  Mercury, 
which  Comprefles  the  Air  in  the  hinder  Part  of  the  Tube,  as  much 
as  that,  in  the  Machine  itfelf,  is  comprefs’d.  But  the  Degree  of 
Comprefiion  in  this  Tube  is  eafily  mealiir’d. 

The  Machine  is  now  to  be  taken  from  it’s  Stand  G,  the  Cock  B 
being  open’d.  The  Perfon,  who  undertakes  to  comprefs  the  Airy 
fets  his  Feet  upon  the  Boards  F,  F ;  and  raifes,  and  depreflfes  the 
Pifton,  and,  by  continuing  this  Motion,  comprefles  the  Air  in  the 
Veflel  as  much  as  he  pleafes  ;  then  the  Cock  B  is  fhut.  The  Ex¬ 
periment  being  ended  the  Air  mufl  be  let  out  through  the  Cock,  be¬ 
fore  the  Screws,  which  keep  on  the  Cover,  are  loofen’d. 


Experiment  17. 

2225.  Join  together  the  Segments  H  and  E  *  ;  and  fufpend  them  in  the 
PL  70.  Cylinder  MN,  by  help  of  the  folid  Piece  P,  which  is  fixed  in  the 
F.  3.4.  upper  Part  of  the  Cylinder,  by  help  of  the  Screw  p ,  which  goes 

*  2208.  into  the  lower  Part  of  the  Cock  B;  this  Piece  has  a  Hole  in  it,- 

that  the  Air  may  go  through  the  Cock,  into  the  Cylinder. 

*  2216.  The  Collar  of  Leathers  I  is  join’d  at  s  to  the  Machine  *.  The 
Brafs  Wire,  which  goes  through  this  Collar,  mufl:  be  thicker,  than 
in  the  other  Experiments. 

To  the  End  of  this  Wire,  which  goes  into  the  Cylinder,  is  join’d 
the  Piece  R,  into  which  this  End,  which  has  a  Screw,  is  put. 
This  Piece  is  eafily  join’d  to  the  Segment  H,  as  the  Figure  fhews. 

The  Cock  of  the  Segment  H  is  fliut,  that  the  Air  may  not  get 
between  the  Segments  5  for  which  Reafon  Wax  is  put  round  it,  as 
in  the  foregoing  Experiments. 

2226.  Things  being  thus  difpos’d,  the  Cover  is  applied  to  the  Cylinder  *, 
.70.F.4.  and  the  Air  is  comprefs’d.  The  Syringe  with  it’s  Gage  is  remov’d 
2219.  and,  the  Ring  A  being  join’d  to  the  Cock  B,  the  Machine  is  fuf- 
2223.  pended  by  the  Hook  V,  as  was  faid  of  the  Segments  above  *. 

2209.  To  the  lower  End  L  (Fig,  3.)  of  the  Wire  that  goes  through 

the  Collar  of  Leathers,  there  is  join’d  a  Ring  alfo,  on  which  the 
Scale  T  is  fufpended. 

By  putting  Weights  upon  this  Scale,  the  Segments  in  the  Cylin¬ 
der  are  feparated.  If  the  Denfity  of  the  Air  in  the  Cylinder  be 
double,  the  Weight  will  not  differ  much  from  that,  which  was 
us’d  in  the  laft  Experiment  but  one  ;  the  Weight  mufl:  have  been 
doubled,  if  the  Denfity  of  the  Air  had  been  triple,  or  if  the  Seg¬ 
ments  had  been  exhaufted. 
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But  Care  muft  be  taken,  i.  That  the  Screw  DC  be  fo  difpos’d,  222 7. 
that  the  Scale  T  may  defcend  but  a  little  before  it  be  put  upon  the 
Ground;  otherwife  the  folid  R  (Fig.  3.)  would  run  againft  the 
inner  Surface  of  the  Cylinder  with  too  great  a  Force.  2.  That  two 
Sponges  are  plac’d,  fo  as  to  receive  the  Segment  H,  that  it  may  not 

be  damag’d. 

Experiment  18. 

Apply  the  Pipe  A  B  to  the  Plate  G  of  the  Air-pump,  which  Pipe  2228. 
has  a  Cock  at  it’s  lower  End,  and  to  which  is  join’d,  at  Top,  the  PI.71.F.2. 
fmaller  Pipe  C,  which  rifes  above  the  Plate.  The  Pipe  D  is  ap¬ 
plied  to  the  Hole  through  which  the  Air  is  taken  out.  The  Glafs 
Receiver  S  is  put  upon  the  Plate  G,  in  fuch  Manner,  that  the  Pipe 
C  may  anfwer  to  the  Middle  of  it.  Upon  the  Receiver  S  is  put  the 
Receiver  R,  that  we  may  have  an  Height  of  about  three  Fee*-. 

The  End  A,  of  the  Pipe  AB,  is  immerg’d  in  Water,  contain’d  in 
the  Veffel  V,  and  the  Receivers  R  and  S  being  exhaufted,  the  Cock 
is  open’d ;  the  Water  will  fpout  up  into  the  Receiver  with  a  great 
Force  ;  namely  by  that  Preffure,  with  which  it  can  be  fuftain’d  in 
a  Pipe  that  has  no  Air  in  it,  at  the  Height  of  thirty  two  Feet  *.  *  1089. 

Experiment  19. 

The  Air’s  Elafticity  produces  the  fame  Effecft.  Let  there  be  a  2229. 
Brafs  Cylinder  V,  exactly  clos’d.  There  muft  be  a  Hole  in  the  Pl-71  F.3. 
Bottom  to  pour  in  Water,  which  afterwards  you  fhut  up  with  a 
Screw.  To  the  upper  Part  of  the  Veffel  there  is  folder’d  a  Pipe, 
which  goes  down  almoft  to  the  Bottom ;  and  to  the  other  End  of 
it,  that  ftands  above  the  Veffel,  the  Cock  E  is  join’d.  By  help  of 
a  Screw  this  Veffel  is  fitted  to  the  lower  Side  of  the  Plate  G  of  the 
Air-pump ;  there  is  alfo  here  a  prominent  Pipe  C,  which  is  co¬ 
ver’d  with  the  Receivers,  as  in  the  foregoing  Experiment.  If  the 
Air  be  exhaufted  from  them,  and  the  Veffel  V  is  about  two  Thirds 
full  of  Water,  when  you  open  the  Cock,  the  Water  will  violently 
fpout  up  into  the  Receivers,  by  the  Force  of  the  Spring  of  the  Air 
contain’d  in  the  upper  Part  of  the  Veffel  V.  Here  the  Air  preffes 
upon  the  Surface  of  the  Water ;  when  you  open  the  Cock,  the 
Preffure  in  the  Pipe  becomes  lefs,  therefore  the  Water  muft  go  into 
the  Pipe. 

Experiment  20. 

Even  in  the  open  Air,  the  Water  will  violently  fpout  out  of  the  2230, 
Veflel  V,  if,  having  pour’d  in  Water,  as  in  the  17th  Experiment,  P1-7I.F.4. 
the  Air  be  forc’d  into  the  Veffel3  by  the  Syringe  above-mention’d  *.  *  222 1. 
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Experiment  21. 

If  a  Glafs  inverted  be  immerg’d  in  Water,  the  Air  keeps  out  the 
Water,  at  whatever  Depth  it  be  immerg’d ;  yet  the  deeper  the 
Glafs  is  put  down,  the  lefs  Space  the  Air  is  reduc’d  into. 

Upon  this  Principle  are  made  the  Tvlachines  in  which  Divers  go 
down  into  the  Sea.  They  are  made  like  Bells,  and  defcend  by 
their  own  Gravity  ;  the  Water  does  not  life  up  to  the  Diver  in  the 
Bell ;  frelh  Air  is  lent  down  continually  by  the  Bladders  tied  to  a 
Rope,  which  he  draws  down  to  him ;  the  Air,  heated  by  his  Re- 
lpiration,  rifes  to  the  upper  Part  of  the  Bell,  and  is  there  driven 
out  through  a  Cock,  by  the  Prelfure  of  the  Water,  that  pufhes  up, 
and  comprelfes  the  Air  in  the  lower  Part  of  the  Bell ;  which  Pref- 
fure  overcomes  the  Force  with  which  the  Water  endeavours  to  de- 
fcend  through  the  Cock ;  for  the  Prelfure  of  Fluids  is  encreas’d  in 
Proportion  to  their  Depths  *. 


Experiment  22. 

223  3.  Take  little  Figures  of  Glafs  that  are  made  hollow,  of  an  Inch  and 
PI  72.  F.  1.  half  long,  representing  Men  5  thefe  little  Images  have  a  fmall  Hole 
in  one  of  their  P'eet,  and  are  lighter  than  W ater.  Immerge  them 
into  the  Water  contain’d  in  the  Glafs  AB.  This  Glafs  is  about  a 
Foot,  or  1 5  Inches  high.  This  is  put  upon  the  Plate  G  of  the 
Air-pump,  and  cover’d  with  the  Receiver  R.  A  Part  of  the  Air 
being  exhaufted,  it  goes  out  of  the  little  Images  alfo,  whofe  Place 
is  immediately  taken  up  by  the  Water,  when  the  Air  is  let  into  the 
Receiver  again  ;  the  Images  are  now  heavier,  and  go  to  the  Bottom. 
Some  of  the  Air  being  again  exhaufted,  the  Prelfure  upon  the  Sur¬ 
face  of  the  Water  is  diminifhed,  and  the  Air  in  the  Images  expands 
itfelf,  and  drives  out  the  Water,  and  the  Images  rife  up  again,  and 
have  feveral  Motions,  when  the  Pump  is  mov’d. 

Experiment  23. 

2234.  We  may  make  Ufe  of  this  Glafs  Velfel  with  the  Figures  in  it,  in 
another  Manner,  without  the  Air-pump.  It  is  fill’d  with  Water, 
and  cover’d  with  a  Bladder,  which  is  tied  fall  to  the  upper  Part  of 
the  Velfel.  If  the  Bladder  be  prefs’d  with  the  Finger,  the  Surface 
of  the  Water  is  comprefs’d  more  ,  and  this,  being  more  comprefs’d, 
enters  into  the  Images  through  the  Holes  in  their  Feet,  and  com- 
prelfes  the  Air  more  in  them.  The  Images  being  made  heavier, 
£0  to  the  Bottom  of  the  Velfel,  fafter  or  flower  according  to  the 
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Bignefs  of  the  Hole,  and  alfo  according  as  the  fpecific  Gravity  of 
the  Images  comes  nearer  Nto  the  fpecific  Gravity  of  the  Water. 

Taking  away  your  Finger,  the  Air  in  the  little  Men,  being  lefs  com- 
prefs’d,  expands  itfelf,  and  drives  out  the  Water,  and  the  Images 
rife  up  again  to  the  Surface  of  the  Water,  as  in  the  laft  Experi¬ 
ment. 

»  J  *  •'  **  *  *  0  f  S  -%  *  r  •  I  .. 

»  ;  v .  - ..  ;  .  '  , ,  1  ii[  i  '  •  *  ?  .  )  t . 

Experiment  24. 

Animals  cannot  live  without  Air.  If  any  Animal  be  included  22  -  - 
in  the  Receiver  V,  and  the  Air  be  drawn  out,  the  Animal  will  im-  pi  72  F  2 
mediately  be  in  Convulfions,  and  will  fall. down  dead,  unlefs  the  ^ 

Air  be  fuddenly  re-admitted.  Some  Animals  will  live  in  a  Vacuum 
longer  than  others.  The  Bodies  of  the  Animals  are  fwoln,  whilft, 
the  external  PreiTure  being  taken  away,  the  Air,  or  fome  elaftic 
Fluid,  expands  itfelf  in  the  Veffels. 

.  •  .  I  *  £  -  ,  *  * 

Experiment  25. 

Some  Filhes  alfo  cannot  live  without  Air  ;  but  in  others  you  fee  2-  i 6 
no  fuch  Change,  but  the  fwelling  of  their  Eyes.  What  Experi-  pi  72  p 

ments  you  make  upon  Filhes,  muff  be  made  in  the  Glafs  Receiver  '  ’  '3' 

V,  which  is  fet  upon  the  Plate  of  the  Air-pump,  and  which  con¬ 
tains  the  Water  with  the  Fiihes.  This  is  covered  with  the  Re¬ 
ceiver  R,  and  the  Air  is  exchanged.  The  PreiTure  of  the  Air  upon 
the  Surface  of  the  Water  being  taken  away,  the  Air  in  the  Body 
of  the  Filh  expands  itfelf,  by  which  it  becomes  lighter,  and  can¬ 
not  defcend  in  the  Water. 

Experiment  26. 

Experiments  are  made  upon  Animals  in  comprefs’d  Air,  by  Help  22,7 

of  the  Machine  above-defcrib’d  *■  In  that  Cafe  Animals  do  not*  2216. 
foon  die ;  becaufe  the  Vellels  in  the  Body  are  not  broken,  by  com- 
preffing  the  Air ;  the  Animals  become  rather  brilker.  Yet  if  they 
continue  long  in  that  condenfed  Air,  it  is  hurtful  to  them  ;  and  in 
a  greater  Compreffion,  they  will  die  in  a  little  Time. 

Experiment  27. 

We  may  fee  what  happens  to  the  Veffels  of  an  Animal,  in  com-  , 
preffed  Air,  if  we  fufpend  a  Bladder  blown  up,  and  well  clos’d,  in  ' 
the  faid  Machine  *.  When  the  Air  is  comprefs’d,  it  becomes  flac-  *  2*  16, 
cid  )  but,  when  the  Cock  is  opened,  it  fuddenly  expands  itfelf. 
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Experiment  28. 

2239.  From  feveral  Fluids,  when  they  are  put  under  a  Glafs  Receiver, 
and  the  Air  is  exhaufted,  an  elaftic  Fluid  is  feparated.  In  this  Cafe 
we  always  obferve  an  Ebullition  of  the  Fluid,  which  is  often  very 
violent. 

2240.  In  the  eighth  Chapter  of  the  firft  Book,  I  mentioned  an  Expe- 
*  153.  riment  concerning  Bodies  falling  in  a  Vacuum  *,  I  (hall  now  ex- 

plain  it. 

A  MACHINE, 

Whereby  two  Bodies  are  let  down  in  Vacuo ,  at  the  fame  Time . 


2241. 
Plate  73. 
Fig.  1,  2. 


2242. 

Fig.  i? 


2243' 
Fig.  4. 


2244, 


Fig.  5.. 


2245. 


This  Machine  is  joined  to  the  Cover  of  the  Receiver.  The  up¬ 
per  Surface  of  this  Cover  is  feen  at  Fig.  1.  the  lower  Surface  at 
Fig.  2.  The  Machine  itfelf,  is  reprefented  feparate  from  the 
Cover,  in  the  other  Figures. 

The  Brafs  Plate  A  is  hexagonical,  the  Angles  being  cut  off,  and 
it  is  perforated  in  feveral  Places,  to  make  it  lighter.  The  Axis 
a  e  is  perpendicular  to  it,  behind  it,  whofe  Part  a  b  is  cylindrical, 
and  the  Part  be  fquare,  but  the  End  e  makes  a  Screw,  which  the 
Nut  c  fits. 

To  the  fame  Plate,  which  is  reprefented  at  B,  at  the  fore  Part 
of  it,  are  applied  fix  fmall  Brafs  Plates  E,  E,  E,  E,  E,  E  $  which 
are  bent,  and  elaftic.  One  of  thefe  Springs  is  reprefented  fepa- 
rately  at  C  D ;  towards  C  there  are  two  fmall  Holes,  through 
which  the  Screws  n>  n  go,  that  the  Spring  may  be  faftened  in  it's 
Place.  The  End  D  agrees  to  a  Side  of  the  Hexagon,  and  prefles 
the  Plate  B  by  it’s  Elafticity. 

The  Spring  CD  is  perforated  at  00  $  and  through  this  Incifion 
pafles  the  fmall  Plate  /,  which  coheres  with  the  Plate  B,  and  turns 
upon  a  Center.  Every  Spring  has  fuch  a  fmall  Plate,  which  is  feen 
more  diftin&ly  in  Fig.  5.  AB  reprefents  a  Section  through  the 
Center  of  the  hexagonical  Plate,  in  fuch  a  Pofition,  that  this  Sec¬ 
tion,  which  we  fuppofe  vertical,  pafles  through  the  Inciftons  of 
the  two  Springs  E  and  E.  The  Plates,  of  which  we  are  fpeaking, 
are  reprefented  at  /,  /$  a  Piece  p  pafles  through  each  of  them, 
which  is  prominent  on  both  Sides. 

The  Plate  of  the  lower  Spring  acquires  an  horizontal  Pofition 
by  it’s  Gravity  j  becaufe  the  Piece  p  is  fuftained  by  the  Spring  it¬ 
felf,  If,  when  the  Plate  is  in  this  Pofition,  it  be  prefled  down¬ 
wards. 
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wards,  the  End  D  of  the  Spring  is  feparated  from  the  Plate  A  B 
by  the  A&ion  of  this  Piece. 

Upon  the  fquare  Part  of  the  Axis  above-mentioned  of  the  Plate  2246. 
A  B  *,  is  put  the  fmall  Wheel  R,  which  has  Teeth,  and  which  is  *  2242. 
reprefented  tideways  at  r ;  the  Teeth  of  it  are  oblique,  that  they 
may  anfwer  to  the  Screw  which  we  fhall  fpeak  of  prefently.  We 
have  a  Section  of  this  little  Wheel,  joined  to  the  Axis,  and  fattened 
by  the  Screw  ec,  at  r. 

That  this  Machine  may  be  fattened  to  the  Cover,  there  is  a  Cy-  2247. 
linder  HN,  which  is  joined  to  the  Bottom  of  it,  and  which  ends  Fig.  2. 
in  the  fpherical  Head  I,  two  Segments  at  oppofite  Parts  being  cut 
off ;  this  Head  is  perforated  at  s  -y  through  which  Aperture  is  put 
the  Axis  a  b  {Fig.  3,  5.)  before  the  Wheel  r  is  joined  to  it,  and 
fattened. 

To  the  fame  Cylinder  H  I,  is  added  the  Screw  G,  which  is  re-  2248, 
tained  between  the  Plates  L  and  M ;  the  Part  g  paties  through  the 
Hole  /,  and  h  l  through  the  Hole  d.  The  Spiral  of  this  Screw 
agrees  to  the  Teeth  of  the  Wheel,  fo  that,  by  turning  the  Screwr 
about  it’s  Axis,  the  Wheel  is  mov’d,  and  the  Plate  AB  (Fig.  5.) 
with  what  is  joined  to  it  is  turned  round. 

The  fmall  Pipe  X  goes  through  the  Cover,  and  is  folder’d  to  it, 
to  which  the  Screw  G  fo  anfwers,  when  it  is  fix’d  in  it’s  Place,  that 
it’s  Axis,  if  it  be  conceived  to  be  continued,  coincides  with  the 
Axis  of  the  Pipe. 

The  Part  P  of  the  Key  F  P  fills  this  Pipe,  and  indeed  fo  exadtly,  2249. 
that  the  Air  cannot  pafs  by,  whilft  the  Key  is  turned  round,  which 
fliou’d  be  anointed  well  with  Oil  and  Wax. 

This  has  a  Roller  in  it’s  lower  Part  at  my  which  Hole  is  fquare, 
into  which  goes  the  Part  /  of  the  Screw,  which  is  alfo  fquare*  and 
fits  the  Cavity. 

All  the  Parts  are  reprefented  join’d  together  in  Fig.  1.  betides  2250. 
thofe,  which  we  have  hitherto  explained,  there  is  a  Collar  of  Lea-  Fig.  1 . 
thers  *,  which  is  put  upon  the  Cover,  and  folder’d  to  it,  through  *  2  x  -  - 
which  the  Brafs  Wire  ST  pafles,  to  whofe End  is  joined  the  Plate  ~ 

V  at  right  Angles  to  it. 

To  know  where  this  Collar  of  Leathers  mutt  be  fix’d,  turn  the 
Key  F  till  you  bring  the  lower  Side  of  the  Hexagon  A  into  an 
horizontal  Pofition  ;  then  the  fmall  Plate  /,  which  goes  through 
the  lower  Spring  E,  will  be  horizontal  alfo  *  ;  the  Plate  V  fhou’d  *  2245* 
now  anfwer  to  /,  fo  that,  by  pufhing  down  the  Wire  ST  a  little,  225 1. 
the  Spring  may  be  feparated  from  the  Plate  A,  as  was  before  ex¬ 
plain’d  F  2  Expe-  *  2245« 


36 


Mathematical  Elements  Book  IV. 


Experiment. 

22  $2.  That  this  Experiment  maybe  the  more  conveniently  made, 

P1.72.F.A.  Air-pump  is  taken  off  from  it’s  Stand,  and  is  laid  upon  the  low 
Stand  S  S. 

At  the  Sides  of  the  Plate  G,  upon  which  the  Glaffes,  which 
are  exhaufted,  are  laid,  are  fattened  two  wooden  Pillars  A  E, 
A  E,  the  Feet  of  which  go  through  the  upper  Board  of  the  Air- 
pump,  and  are  fattened  by  Wedges,  as  t. 

The  Pillars  are  above  five  Feet  high  ;  thefe  are  join'd  by  four 
Pieces  of  Wood,  BB,  CC,  DD,  EE.  The  Diftance  between 
G  and  B  B  is  nine,  or  ten  Inches  j  B  C,  CD,  D  E,  are  each  equal 
to  1 8  Inches. 

Thefe  Pieces  of  Wood  are  broader  in  the  Middle,  that  there 
may  be  an  Aperture,  or  round  Hole  in  each,  whofe  Diameter  is 
equal  to  five  Inches  and  an  half. 

Four  Glafs  Cylinders  F,  F,  F,  F,  are  made  ufe  of ;  the  inward 
Diameter  of  each  is  four  Inches,  and  the  Height  a  Foot  and  an 
half.  The  upper  Hole  of  every  one  of  them  is  encompafs’d  with 
a  round  Piece,  with  which  coheres  an  horizontal  Ring  made  of  a 

*  2  j  -7  Plate  of  the  fame  Metal,  that,  when  Leather  is  put  between 

one  Glafs  may  be  fet  upon  another.  Thefe  four  Cylinders  are  put 
one  upon  another,  and  make,  as  it  were,  one  hollow  Glaff  Co¬ 
lumn,  which  paffes  through  the  Ploles  in  the  Pieces  of  Wood, 
This  Column  mutt  be  fo  plac'd,  that  it  may  go  through  the  Mid¬ 
dle  of  all  the  Holes,  as  near  as  pofiible  ;  to  effect  which  the  Poll- 
tion  of  the  whole  Column  mutt  frequently  be  altered  a  little ;  for 
this  Reafon  the  loweft  Cylinder  is  laid  upon  the  Plate  G,  without 
putting  a  Leather  between  ;  but,  after  the  Cylinders  are  fix'd,  the 
Air  is  hinder’d  from  getting  between  the  Plate  and  the  Brim  of  the 
^  Cylinder,  by  putting  Wax  round  it  The  Cylinders  are  fattened 
by  Means  of  the  little  Wedges  x ,  x,  x,  &c.  made  in  fuch  Man¬ 
ner,  that  they  may  fuit  the  Glafs  and  the  Hole, 

The  Glafs  Receiver  R  is  laid  upon  the  uppermoft  Cylinder ;  the 
Bottom  of  it  is  cylindrical,  and  this  Part  of  it  anfwers  to  the  Cy¬ 
linders  mention’d.  The  Diameter  of  the  Receiver  in  the  Middle 
is  about  feven  Inches  ;  and  the  upper  Hole  is  of  five  Inches  Dia- 

*  2241.  meter*  This  Aperture  is  clos’d  with  the  Cover  above-mention’d  *5 

*  2157.  Leather  being  put  between  and  the  Machine,  there  explain’d, 

is  then  inclos’d  in  the  Receiver  5  but  the  Bodies,,  to  be  let  down  in 
Vacuo,  mutt  firft  be  join’d  to  the  Machine, 


To 
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To  do  this,  vre  put  a  Piece  of  Gold  Coin  f  together  with  a  finall 
Feather  q  between  a  Spring,  as  E,  and  the  Plate  B ;  both  which  P 
Bodies  are  retain’d  by  the  Prefliire  of  the  Spring,  if  the  Tail  of  the 
Feather  is  of  the  fame  Thicknefs  as  the  Money  ;  wherefore,  that 
we  may  make  ufe  of  a  lighter  Feather,  we  mufl  choofe  a  thin 
Piece  of  Money  (for  Example,  a  Ducat.)  Each  of  the  Springs 
fhou’d  retain  Bodies  like  thefe,  in  the  fame  Manner. 

The  Air  is  exhaufted  from  all  thefe  Glaffes,  and  by  thrufting 
down  the  Brafs  Wire  st  a  little,  the  lower  Part  of  the  lower  Spring  P 
is  feparated  from  the  Plate,  to  which  all  the  Springs  are  applied  *,  * 
and  both  the  Bodies,  which  are  held  by  the  Spring,  are  let  loofe 
at  die  fame  Time ;  and  they  come  to  the  Plate  G  exactly  at  the 
fame  Time  alfo. 

The  Experiment  is  ealily  repeated  •  the  Key  f  is  turned  about, 
that  another  Spring  may  come  to  the  lower  Place  * ;  and  thus  it  * 
may  be  repeated  fix  Times.  If  during  thefe  Repetitions  fome  Air 
be  let  in,  a  Difference  in  the  Time  of  tine  Fall  of  the  Bodies  is  per¬ 
ceiv’d,  and  the  Difference  is  the  greater,  the  more  Air  is  let  in. 

A  Spectator  will  fee  the  Bodies  falling,  if  he  be  at  fuch  a  Dis¬ 
tance,  as  to  perceive  all  the  Glaffes  at  one  View,  if  he  be  at  a  lefs 
Diftance,  let  him  keep  his  Eyes  on  the  Plate  G. 

A  more  fimple  Method  of  repeating  the  Experiment,  may  in¬ 
deed  be  us’d  ;  but  I  think  this,  which  I  have  made  ufe  of,  the  beft 
Method  of  letting  loofe  the  Bodies,  at  the  fame  Time,  that  they 
may  fall  diredtly  down,  and  feparately.  But  the  following  Method 
is  very  fimple,  if  the  Bodies  are  to  be  let  down  only  once. 

The  Receiver  R  in  this  Cafe  is  remov’d,  the  upper  Cylinder  alfo 
may  have  a  fmaller  Aperture. 

If  his  upper  Cylinder  is  clos’d  with  the  Brafs  Top  O,  to  this  is  PI 
join’d  a  Collar  of  Leathers  A  *,  by  Means  of  the  Screw  B,  which  * 
goes  through  the  Cover  in  fuch  Manner,  that  the  elaftic,  bent 
Plate  D  E  is  join’d  to  the  Cover  by  Means  of  it,  which  Plate  is  per¬ 
forated  at  Top,  over  which  Aperture  is  folder’d  the  Bung  C,  into 
which  the  Screw  B  goes. 

The  extreme  Parts  rr  of  the  Plate,  come  together  by  Means  of 
their  Elaflicity,  the  Ends  being  a  little  bent. 

In  this  Plate  is  inclos’d  the  oval,  Brafs  Plate  F,  whofe  fmaller 
Diameter  may  be  contained  within  the  Plate  D  E,  without  fepa- 
rating  the  Ends  of  it. 

Within  the  fame  Plate  D  E,  the  Brafs  Wire  G  I  goes,  which 
pafles  through  the  Collar  of  Leatheis  A,  and  therefore  alfo  through 
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the  Cover  O.  To  the  lower  End  I  of  which  Wire  G  I  the  faid 
Plate  F  is  join’d,  which  may  be  mov’d  by  Means  of  the  Handle 
Q^,  and  turned  round,  whereby  the  Ends  r,  r ,  of  the  Plate  DE 
are  feparated  ;  becaufe  the  longer  Diameter  of  the  oval  H  exceeds 
the  Diftance  between  the  oppofite  Parts  of  the  Plate,  when  it’s 
Extremes  r,  r,  are  join’d  by  Means  of  the  Elafticity  ;  between 
thefe  the  Gold  and  Feather  are  put,  when  the  Experiment  is  to  be 
made. 


C  A  H  P.  VI. 

The  Defcription  of  feveral  Machines ,  whofe  AElion  de¬ 
pends  upon  the  Air ,  and  the  Explanation  of  their 
EffeEts. 


Experiment  i. 

LET  one  End  a>  of  the  Curve  Tube  a  S  b  be  immerged  in 
Water,  whilft  the  other  End  b  defcends  below  the  Surface  of 
the  Water.  If  by  fucking,  or  any  other  Way,  the  Air  be  taken 
out  of  this  Tube,  the  Water  will  run  through  b.  This  Inftrument 

is  called  a  Syphon . 

ThisEffed  arifesfrom  the  Preffure  of  the  Air,  which  drives  on  the 
Water  in  the  Syphon,  by  it’s  Preffure  upon  the  Surface  of  the  Water 
in  the  Veffel.  The  Air  does  alfo  prefs  againft  the  Water  that  goes  out 
of  the  Orifice  b ,  and  fuftains  it.  Thefe  Preffures  are  equal,  and  ad 
contrariwife  in  the  upper  Part  of  the  Syphon,  with  a  Force  equal 
to  the  Weight  of  the  Atmofphere,  taking  away  the  Weight  of  the 
Pillars  of  Water  which  are  fuftained  by  the  Preffure.  The  Pillar 
of  the  Water  in  the  Leg  S  b>  is  longer  than  the  oppofite  Pillar  of 
Water ;  therefore,  the  Preffure  of  the  Air  is  more  diminifhed  on 
the  Side  b  S,  and  the  oppofite  Preffure  overcoming  it,  the  Water 
flows  towards  b. 

Experiment  2. 

The  Syphon  above-men tion’d  has  this  Inconveniency,  that,  if 
once  it  ceafeth  to  work,  the  Water  will  not  run  again,  unlefs  the 
Air  be  drawn  out  of  the  Tube  afrefh.  This  may  be  correded  by 
making  a  Syphon  in  the  Figure  d  R  e,  whofe  Legs  are  equal,  and 
turn’d  up  again ;  for  if  the  Syphon  be  fill’d  with  Water,  and  one 
Leg  be  immerfed  in  it,  fo  that  the  Surface  of  the  Water  may  be 

1  above 
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above  the  Orifice,  then  the  Water  will  run  out  through  the  other 
Leg,  for  the  Reafon  given  in  the  Explication  of  the  former  Expe¬ 
riment.  Since  the  Legs  are  return'd  upwards,  the  Syphon  will  not 
be  emptied,  when  the  running  out  of  the  Water  ceafes ;  and  fo 
the  Syphon,  being  once  fill’d,  is  always  ready  to  work  it’s  Effedl. 

The  Water  runs  backward  or  forward  through  it,  according  as  it 
is  higher  on  one  Side  or  the  other. 

A  S  Y  P  H  O  N, 

Whereby  Water  is  rais'd . 

Upon  the  fame  Principle  as  the  foregoing  Machine,  is  contriv’d  22  6  r* 
the  Syphon  for  railing  Water  into  a  Refervoir.  The  Effect  of  this  PI. 74^2* 
Syphon  becomes  vifible  by  the  Help  of  a  Machine  made  up  of 
two  hollow  Glafs  Balls  H  and  I,  which  are  join’d  together  by  the 
Brafs  Pipe  C  D  E.  The  Ball  I  communicates  with  the  Water  to 
be  rais’d,  contain’d  in  the  Veflel  V,  by  Means  of  the  Pipe  A  B, 
which  comes  up  almoft  to  the  Top  of  the  Ball ;  to  the  Ball  H  at 
the  lower  Part  is  join’d  the  Pipe  F  G,  as  long  as  the  whole  Pipe 
AB. 

The  Ball  H  muft  be  filled  with  Water  through  a  Hole  by  a 
Funnel,  and  then  the  Hole  muft  be  fhut  up  clofe. 

In  fuch  Machines  as  are  applied  to  Ufe,  for  railing  Water  out  of  2262I 
a  Refervoir  that  contains  it,  the  Water  is  brought  away  in  the  Veflel 
H,  and  the  Communication  between  the  Veflel  and  the  Refervoir 
is  Ihut  up  with  a  Cock. 

Experiment  3. 

Opening  the  Cock  G,  the  Water  will  run  out  that  Way,  and  2253 
will  afcend  through  the  Pipe  A  B  up  into  the  Veflel  I ;  which  be¬ 
ing  fill’d,  the  Water  is  fuffer’d  to  run  away  to  the  Place  where  you 
would  have  it ;  and,  by  repeating  the  Operation,  the  Elevation  of 
the  Water  continues. 

Opening  the  Cock  G,  the  Water  going  out  of  the  Pipe  F  G,  2264^. 
fuftains  the  Preflure  of  the  whole  Atmofphere  ;  the  Air  alfo  prefies 
upon  the  Surface  of  the  Water  in  the  Veflel  V,  and  it  is  fuftained 
in  the  Pipe  A  B  by  Means  of  this  Preflure.  Thefe  Prefliires  are 
equal,  and  if  you  take  from  them  the  Columns  of  Water  which 
they  fuftain,  you  will  have  the  Forces  by  which  the  Air  is  prefs’d 
that  is  contain’d  in  the  upper  Parts  of  the  Vefiels,  which  commu¬ 
nicate  by  Means  of  the  Pipe  CDE.  The  Pillar  F  G,  becaufe  there 
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is  fuperadded  to  it  the  Height  of  the  Water  in  the  Veffel  H,  does 
always  overcome  the  Column  in  the  Pipe  A  B,  therefore  the  Pref- 
fiire  at  G  is  more  diminifhed  than  the  other,  and  fo  overcome  by  it ; 
and  therefore  the  Water  muft  rife  in  the  Tube  AB,  and  defcend 
down  F  G. 

The  common  P  U  M  P  S. 

To  render  the  A£tion,  and  Effedts  of  common  Pumps  vifible, 
let  there  be  a  little  Pump  made  of  Giafs.  Let  A  B  be  a  Cylinder 
of  Giafs,  fix  or  feven  Inches  high,  whofe  Diameter  is  an  Inch  and 
an  half.  In  the  Bottom  of  it  join  a  Tube  of  any  Length,  as  C  D. 
Let  the  upper  Part  of  it  be  ftopt  up  with  a  Leaden  Ball,  that  the 
Water  may  not  be  able  to  defcend  out  of  the  Cylinder  A  B,  but 
may  eafily  rife  into  it,  by  raifing  up  the  Ball,  which  we  make  ufe 
of  here  inftead  of  a  Valve.  The  Pifton  is  mov’d  in  the  Cylinder 
A  B,  which,  being  furrounded  with  Leather,  exadlly  fills  it’s  Ca¬ 
vity  :  There  is  a  Hole  in  the  Pifton,  which  likewife  is  flopp’d  with 
a  Ball  of  Lead  inftead  of  a  Valve ;  fo  that  the  Water  may  rife, 
but  not  defcend  through  the  Pifton. 

Experiment  4. 

Fufh  down  the  Pifton  to  the  Bottom  >  pour  Water  upon  it  to 
hinder  the  Pafiage  of  the  Air  ;  if  the  End  D  of  the  Tube  C  D  be 
immers’d  into  Water,  and  the  Pifton  be  rais’d,  the  Water  will 
afcend  up  into  the  Cylinder  A  B  *,  from  which  it  cannot  defcend  ; 
wherefore,  it  comes  up  through  the  Pifton,  when  it  is  puftied 
down.  If  you  raife  the  Pifton  again,  the  Cylinder  is  again  fill’d 
with  other  Water,  and  the  firft  Water  is  rais’d  up  into  the  Wooden 
Vefiel  F,  which  is  join’d  to  the  Giafs  Cylinder,  from  which  it  runs 
out  through  the  Tube  G. 

Since  the  Effects  of  all  the  Machines,  defcrib’d  in  this  Chapter, 
depend  upon  the  Preflure  of  the  Atmofphere,  the  Water  will  not 
rife  in  thefe  Machines  to  an  Height  of  thirty  Feet.  The  Water 
might  be  rais’d  to  a  greater  Height,  exceeding  thirty  two  Feet  *, 
if,  in  thefe  greater  Heights,  the  elaftic  Fluid,  fpoken  of  above 
iliou’d  be  feparated  from  it. 

HERO’S  FOUNTAIN. 

There  are  feveral  Fountains,  which  are  call’d  Here’s  Fountains  $ 
I  fhall  explain  the  Conftruftion  of  one  of  them. 
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The  two  equal  elliptical  Veffels  A  B,  and  C  D,  very  well  clos’d 
on  all  Sides,  are  made  of  Brafs. 

In  each  there  is  a  Divilion  which  goes  through  the  Center  of  the 
Ellipfe,  and  divides  it  into  two  equal  Parts. 

TheDivifion  in  the  Veffel  DC  is  perpendicular  to  the  Axis  of 
the  Ellipfe ;  that  of  the  other  Veffel  is  inclin’d  to  this  Axis ;  the 
Difpofition  of  the  Pipes,  which  will  be  mention’d  prefently,  is  the 
Cafe  of  this  Difference. 

The  upper  Plate  EF,  of  the  Veffel  AB,  is  hollow’d,  to  con¬ 
tain  Water  at  the  Height  of  an  Inch,  or  two. 

The  Veffels  are  join’d  by  four  Pipes.  The  firft  op  goes  through 
the  Cavity  B,  of  the  Veffel  AB,  and  has  no  Communication  with 
it,  and  defcends  almoft  to  the  Bottom  of  the  Cavity  D.  The  fe« 
cond  st  is  folder’d  to  the  upper  Part  of  the  Cavity  D,  and  reaches 
to  the  Top  of  the  Cavity  B,  without  touching  the  upper  Plate. 
The  third  qr  reaches  from  the  lower  Part  of  the  Cavity  B  almoft 
to  the  Bottom  of  the  Cavity  C.  The  fourth  x  v  coheres  with  the 
upper  Part  of  this  Cavity  C,  and  reaches  almoft  to  the  upper  Part 
of  the  Cavity  A. 

Laftly  there  is  a  Pipe  y  z,  which  paffes  through  the  upper  Plate 
of  the  Veffel  AB,  and  is  fo  folder’d  to  it,  and  defcends  into  the 
Cavity  A  in  fuch  Manner,  that  it’s  End  z  is  very  near  the  Bottom 
of  it. 

Cocks  are  join’d  to  the  Cavities  at  e ,  e ,  ey  e ;  or  there  are  other 
Apertures  in  them,  which  are  flopp’d  by  Screws,  Leathers  being 
put  between  ;  the  chief  Ufe  of  which  is  that  the  Cavities  may  be 
well  emptied  through  them,  left  they  ftiould  ruft  in  the  Infide. 

Experiment  5. 

Water  is  pour’d  into  the  Pipe  op,  with  which  the  Cavity  D  is 
fill’d ;  and  if  you  continue  to  pour  the  Water  in  it  will  afcend  along 
the  Pipe  st ,  and  defcend  along  qr  into  the  Cavity  C,  which  is  alfo 
fill’d,  the  Air  afcending  along  x  v  and  going  out  through  zy .  In¬ 
vert  the  Machine,  removing  the  Screws  e,  e ,  of  the  Cavities  C  and 
D,  and  the  Water  will  defeend  into  the  Cavities  B  and  A.  The 
Holes  e,  e,  being  ftopt  again,  as  alfo  the  Hole  y  of  the  Pipe  zy, 
fet  the  Machine  upright,  and  pour  Water  again  into  the  Pipe  op, 
’till  the  upper  Surface  of  the  Machine  be  covered  with  Water* 
Now  if  the  Hole  y  be  opened,  the  Water  will  fpout  upwards  to  an 
Height  almoft  double  the  Height  op  (Fig.  55)  and  the  Motion  of 
the  Water  will  continue,  ’till  the  Cavity  C  is  emptied.  The  Height 
V  ol.  JI.  G  of 
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of  the  Ipouting  Water  will  be  continually  diminifhed,  and  at  the 
End  it  will  be  lefs  than  twice  the  Diftance  between  the  Veflels. 

The  Effed  of  this  Machine  mull  be  attributed  to  the  Compref- 
lion  of  the  Air  in  the  VelTels.  The  Preffure  of  the  Atmofphere 
at  0  and  yy  as  alfo  the  Preflures  thence  ariling  in  the  Veflels  them- 
felves,  are  equal  -y  therefore  thefe  Preflures  mutually  deftroy  one 
another,  and  are  not  to  be  taken  Notice  of  in  the  Examination  of 
the  Machine.  When  at  lall  Water  is  pour’d  into  the  Pipe  op ,  it 
is  fultain’d  in  it  by  the  Preffure  of  the  Air  contain’d  in  the  Cavity 
D,  and  which  ads  upon  the  Surface  of  the  Water,  which  takes  up 
a  fmall  Part  of  the  Height  of  this  Cavity  ;  which  Air  therefore  is 
comprefs’d  by  the  Weight  of  the  Water  of  the  Height  po  :  I 
fpeak  of  the  Preffure,  which  overcomes  the  Preffure  of  the  At- 
mofphere.  The  Air,  contain’d  in  the  upper  Part  of  the  Cavity  B, 
communicates  with  the  Air  mention’d  by  the  Pipe  s  t ,  and  is  com¬ 
prefs’d  in  the  fame  Manner  ;  and  this  ads  upon  the  Surface  of  the 
Water  in  this  Cavity  with  the  fame  Force.  This  Preffure  mull  be 
fuperadded  to  the  Prefliire  from  the  Height  of  the  Water,  that  we 
may  have  the  Force,  with  which  the  Air,  which  is  contain’d  in  the 
Cavity  C,  is  comprefs’d,  as  alfo  that  which  is  in  the  upper  Part  of 
the  Cavity  A,  by  Reafon  of  the  Communication  by  the  Pipe  xv. 
Therefore  the  Preffure,  which  ads  upon  the  Surface  of  the  Water, 
in  this  Cavity  A,  is  equal  to  a  Pillar  of  Water,  of  almoft  double 
the  Height  of  the  whole  Machine  $  and  therefore  the  Water  fpouts, 
through  the  Hole  at  y ,  as  if  it  were  prefs’d  by  fuch  a  Pillar  -y  that 
is,  it  rifes  to  an  Height,  which  wants  but  little  of  the  Height  of  this 
Pillar  * 

This  Height  is  continually  diminifhed  ;  for  the  Pillars  of  Water, 
which  comprefs  the  Air,  are  continually  diminilh’d ;  becaufe  the 
Water  is  encreas’d  in  the  Cavities  C  and  D,  and  it’s  Height  is  di- 
minilhed  in  the  Cavity  B.  At  the  fame  Time  the  Cavity  A  is  con¬ 
tinually  emptying,  and  the  Water  rifes  through  a  greater  Space, 
before  it  comes  to  y  y  and  it  is  therefore  driven  to  a  lefs  Height 
above  y. 
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Chap.  7.  of  Natural  Philojophy. 


CHAP.  VII. 


Of  the  Undulatory  or  TV ave-like  Motion  of  the  Air ,  as 

likewife  concerning  Sound. 


I 


F  the  Air  he  any  how  agitated ,  the  Particles  mov’d  go  out  of 
their  Place,  and  caufe  the  Particles  next  to  them  to  poflefs  a  lefs 
Space ;  and  whilft  the  Air  is  dilated  in  one  Place,  it  is  comprefs’d 
in  the  Place  next  to  it.  The  comprefs’d  Air,  whilft,  by  Reafon  of 
the  Elafticity  being  encreafs’d  by  the  Compreflion,  it  expands  itfelf 
again,  does  not  only  return  to  it’s  firft  State,  but  is  itfelf  dilated 
by  the  Motion  acquir’d  by  the  Particles  receding  from  one  another 
beyond  their  firft  Diftance. 

The  Air  being  firft  dilated  by  that  Motion,  returns  to  it’s  firft 
State,  and  the  Air  towards  other  Parts  is  comprefs’d.  This  again  hap¬ 
pens,  when  the  Air  laft  comprefs’d  expands  itfelf,  and  thereby  a  new 
Compreflion  of  Air  is  produc’d.  Therefore  from  any  Agitation 
there  arifes  a  Motion  analogous  to  the  Motion  of  a  Wave  on  the  Surface 
of  Water  *.  And  the  Air  thus  comprefs’d,  with  a  Dilatation  fol-  * 
lowing,  is  call'd  by  that  fame  Name,  viz.  a  Wave  of  Air  *.  * 

Comprefs’d  Air  dilates  itfelf  every  Way,  and  the  Motion  of  thefe 
Waves ,  is  the  Motion  of  a  Sphere  expanding  itfelf  juft  as  thefe 
Waves  move  circularly  on  the  Surface  of  the  Water  *.  # 

Whilft  a  Wave  moves  in  the  Airy  wherever  it  paffesy  the  P articles 
are  mov'd  from  their  Place  and  return  to  ity  running  through  a  very 
Jhort  Space  in  coming  and  going. 

To  explain  the  Laws  of  this  Motion,  let  us  conceive  Particles  of 
Air  to  be  plac’d  at  equal  Diftances,  ay  by  cy  dy  See.  and  j  in  a  p] 
right  Line.  Let  the  Wave  move  along  that  Line,  and  fuppofe  it  to 
be  come  forward,  as  far  as  between  b  and  p  -y  and  that  the  Air  is 
dilated  between  b  and  hy  but  comprefs’d  between  h  and  p  y  as  all 
this  is  reprefented  in  Lines. 

The  greaiejl  Denfty  is  at  m,  the  Middle  Point  t  between  h  and  p, 
anh  the  greatefi  Dilatation  is  in  the  Middle  e  between  b  and  h. 

Wherever  the  neighbourmg  Particles  are  not  equally  difa?'ity  by  the 
Ablion  of  the  Elaficity  the  lefs  diflant  Particles  are  prefs'd  towards 
thofe  that  are  more  diftant  * ;  and  this  Pre fibre,  fetting  afide  all  * 
Motion  acquir’d,  mull  be  firft  examin’d  into. 
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Between  b  and  e  there  is  a  Prejfure  from  b  towards  ey  that  is* 
confpiring  with  the  Motion  of  the  Wavey  and  another  fuch  between 
m  and  p. 

But  there  is  a  contrary  Prejfure  between  e  and  m,  from  m  to¬ 
wards  e. 

At  m  and  e,  where  the  Directions  of  thefe  Actions  are  chang’d* 
the  oppofite  Actions  deftroy  one  another ;  becaufe  the  adjacent  Par¬ 
ticles  are  fuppos’d  to  be  equally  diftant. 

In  the  Places  b,  h,  and  p  the  Difference  of  the  Diftances  of  the 
adjacent  Particles  is  the  greateft  of  all ;  and  therefore  the  Action  of 
the  Elaficity  towards  one  Part  is  the  greatefi  of  all. 

From  hence  we  gather  that  a  Particle  according  to  it’s  different 
Place  in  a  Wave  fuffers  a  different  ACtion  from  the  Elafticity  by 
which  it’s  Motion  is  generated,  accelerated,  diminifh’d,  or  de¬ 
ftroy ’d.  Therefore  the  Direction  of  the  Motion  of  a  Particle  can¬ 
not  be  determin’d  from  the  Direction  alone  of  the  ACtion  men¬ 
tion’d,  and  that  does  not  always  agree  with  this  Direction,  and  the 
Motion  of  every  one  of  the  Particles  is  chang’d  every  Moment. 

All  the  Particles  between  b  and  p  are  carried  according  to  the 
Order  of  the  Letters.  The  Particles,  between  h  and  py  continue 
their  Motion  in  this  Direction  ;  and  the  reft  between  h  and  b  re- 
turn  towards  by  as  we  fhall  fee  hereafter. 

Thefe  continue  in  the  Motion  by  which  they  return,  until,  by 
the  ACtion  of  the  Elafticity,  whofe  Direction  is  chang’d  in  the  Point 
ey  the  Motion  acquir’d  anew  be  deftroy’d ;  in  which  Cafe  a  Parti¬ 
cle,  as  by  returns  to  Reft  in  it’s  former  Situation.  In  the  next  Mo¬ 
ment  the  Particle  c  comes  to  Reft  in  it’s  former  State,  but  p  comes 
on  to  qy  as  in  Line  2  and  in  equal  Moments,  the  Wave  fuccef- 
fively  has  all  the  Pofitions,  as  you  fee  here  in  the  Lines  1,  2,  3, 
& c.  and  1 3  ;  and  whilfl  the  Wave  comes  from  the  Pofition  in  the 
Line  1,  to  the  Pofition  in  the  Line  13,  it  runs  through  ifs  whole 
Breadth.  "The  Particle  p  in  this  Motion  goes  and  comes ,  and  it’s 
Motion  is  fenfible  in  this  Figure  ;  and  this  Particle  goes  fuccejjively 
through  all  the  Pofticns  of  the  Particles  in  the  Wave,  as  is  manifeft. 

All  the  Particles  are  fucceflively  agitated  with  a  like  Motion 
And  if  the  Tlmey  in  which  a  Wave  runs  through  ifs  Breadth ,  he 
divided  into  fo  many  Parts  as  there  are  Particles  in  the  Breadth  of 
the  W avey  every  Particle  will  be  found  in  that  Poftion  in  which  the 
following  Particle  was  the  Moment  aforegoing ,  which  was  longer  in 
Motion  by  one  fuch  Moment. 


The 


*The  Motion  of  any  Particle ,  as  p,  in  going  backwards  and  for¬ 
wards ,  is  analogous  to  the  vibrating  Motion  of  a  Pendulum ,  whilfl  it 
performs  two  Ofcillations  ;  that  is,  once  goes  and  once  returns . 

A  Pendulum  defeends  in  it’s  Ofcillation,  and  the  Motion  acquir’d 
confpires  with  the  Adtion  of  Gravity,  and  is  accelerated  by  it,  un¬ 
til  it  comes  down  to  the  lowed:  Point  of  the  Arch  to  be  deferib’d, 
that  is,  to  the  Middle  of  the  Way  to  be  mov’d  through  ;  the  Pen¬ 
dulum  goes  on  by  the  Motion  acquir’d,  which  is  deftroy’d  by  the 
Adtion  of  Gravity,  whofe  Direction  changes  in  this  Point,  whilfl: 
the  Body  rifes  up  the  other  Part  of  the  Arch  to  be  deferib’d  :  This 
Body  goes  back  with  the  fame  Laws. 

The  Particle  is  mov’d  by  the  Elafticity,  and  it’s  Motion  is  ac¬ 
celerated  by  the  Adtion  of  the  Elafticity,  until  it  comes  to  the  Situa¬ 
tion  of  the  Particle  m ,  in  the  Line  i  *  ;  which  Situation  appears  in  * 
the  Line  4,  in  which  the  Particle  p  takes  up  the  middle  Point  of 
the  Space,  to  be  run  through,  in  coming  and  going.  Though  the 
Elafticity  adts  contrary  to  the  Motion  acquir’d  *,  yet  it  continues  * 
it’s  Motion,  until  the  Motion  be  quite  deftroy’d  by  the  Adtion  of 
the  faid  Elafticity ;  which  happens  when  it  has  gone  through  a 
Space  equal  to  that,  in  which  it  was  generated  ;  then  the  Particle 
p  is  in  the  Situation,  appearing  in  the  Line  7,  which  anfwers  to  the 
Situation  of  the  Particle  h  in  the  Line  1.  Then  the  Particle  returns 
by  it’s  Elafticity,  and  is  accelerated,  until  it  has  acquir’d  the  Situa¬ 
tion  of  the  Particle  e  of  the  Line  1  *,  as  in  the  Line  1  o  5  that  is,  * 
until  it  comes  again  to  the  Point  that  is  in  the  Middle  of  the  Way 
to  be  run  through,  as  in  the  Line  4.  The  Particle  continues  re¬ 
turning  until  the  whole  Motion  be  deftroy’d  by  the  Adtion  of  the 
Elafticity,  whofe  Diredtion  is  again  chang’d  *  •  and  then  the  Par-  * 
tide  returns  to  it’s  firft  Pofition,  as  in  the  Line  13,  and  there  not 
being  agitated  by  any  new  Motion,  remains  at  Reft.  All  which 
Things  flow  from  what  is  demonftrated  in  the  firft  following  Scho¬ 
lium.  Therefore  when  the  Motion  oj  a  tremulous  Body ,  which  agi¬ 
tates  the  Air,  ceafes ,  there  are  no  new  Waves  generated ,  and  the 
Number  of  the  Waves  is  the  fame  as  the  Number  of  the  Agita¬ 
tions  of  that  Body. 

If  the  Adtion  of  Gravity  fhou’d  ceafe  after  two  Vibrations  of  a 
Pendulum,  as  in  the  Air  after  the  going  and  returning  of  a  Particle, 
the  Adtion  of  the  Elafticity  upon  that  Particle  ceafes;  the  Motion 
of  a  Particle  of  Air,  wou’d  in  all  Things  agree  with  the  Motion  of 
the  Pendulum.  In  the  middle  Point  of  the  Arch,  which  is  to  be 
run  through  by  the  Ofcillation,,  there  is  no  Adtion  of  Gravity,  and 
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the  Direction  thereof  is  chang’d  5  in  the  middle  Point  of  the  Space 
to  be  mov’d  through,  by  the  Particle  p  in  it’s  going  and  coming,  in 
which  it  is  in  the  Line  4  and  10,  the  Situation  of  this  Particle  an- 
fwers  to  the  Situation  of  the  Particles  m  and  ey  in  the  Line  i,  in 
which  Points  there  is  no  A&ion  of  Elafticity,  and  it’s  Direction  is 
chang’d  *.  In  a  Pendulum,  the  more  a  Body  ofcillating  is  diftant 
from  the  lowed:  Point,  or  middle  of  the  Arch  to  be  defcrib’d,  the 
more  does  the  Force  of  Gravity  a 61  upon  it ;  alfo  the  more  diftant 
the  Particle  p  is  from  the  middle  Point  of  the  Space  to  be  run 
through,  the  greater  is  the  Adtion  of  the  Elafticity  upon  it,  and  in 
the  Lines  j,  7,  and  13,  in  which  the  Particle  is  moft  diftant  from 
the  Point  abovementioned,  the  Situation  of  it  agrees  with  the  Points 
b ,  by  and  py  in  the  Line  1,  in  which  the  Adtion  of  the  Elafticity 
is  greateft  of  all 

By  which  Law  is  determin’d  the  Adtion  of  the  Elafticity,  fince 
it  increafes  when  the  Diftance  from  the  often-mention’d  middle 
Point  increafes,  from  the  Law  of  the  Elafticity  of  the  Air  itfelf, 
whofe  Particles  fly  from  one  another  with  a  Force  which  is  inverfly 
as  the  Diftance  between  the  Centers  of  the  Particles  *  ;  and  we  de- 
monftrate  in  the  firft  Scholium  annexed  to  this  Chapter,  that  the 
Adtion  of  the  Elafticity  upon  a  Particle,  as  p ,  increafes  or  dimi¬ 
nishes  in  Proportion  to  it’s  Diftance  from  the  middle  of  the  Space 
to  be  run  through. 

For  which  Reafon,  every  Particle  in  it's  Motion  goes  and  returns , 
according  to  the  Law  of  the  Motion  of  a  Pendulum  ofcillating  in  a 
Cycloid  *. 

We  demonftrate  in  the  fame  Scholium,  that  the  Velocity  of  a 
Wave  is  equal  to  that  Velocity  which  a  Body  acquires  in  falling  from 
one  half  the  Height  that  the  Atmofphere  would  have,  if  whilft  the 
Quantity  of  the  Air  remains  the  fame ,  it  Jhould  every  where  have  that 
Denfity ,  which  it  has  in  the  Place  wherein  the  Wave  moves .  And 
the  Demonftration  obtains  whatever  be  the  Breadth  of  the  Wave, 
and  whether  the  Particles  in  going  and  coming  run  through  a  greater 
or  lefs  Space  ;  whence  it  is  evident  that  all  Waves  move  with  the 
fame  V docity ;  namely  as  long  as  the  faid  Height  of  the  Atmofphere 
is  not  alter’d,  fuppofing  it  to  be  every  where  of  the  fame  Denfity. 

But  this  being  chang’d,  the  Squares  of  the  Celerities  of  the  Waves 
are  in  the  Ratio  of  the  Heights  *.  But  this  Height  often  varies;  for 
the  Denfity  of  the  Air  often  alters  the  Elafticity  remaining  the  fame  ; 
and  the  Elafticity  may  be  chang’d  while  the  Denfity  remains  the 
fame  5  laftly  they  very  often  both  together  change. 
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In  the  firft  Cafe,  viz,  when  the  Elafticity  remains,  and  the 
Denfity  varies,  whilft  the  Air  is  fuppos’d  every  where  of  the  fame 
Denfity,  the  Height  is  chang'd,  but  the  Quantity  of  the  compref- 
fing  Air  does  not  vary  ;  becaufe  the  W eight  thereof  is  equal  to  the 
Elafticity  * :  And  the  Height  is  as  the  Space  taken  up  by  the  Air ;  * 
and  fo  is  inverfly  as  the  Denfity  f ;  wherefore  the  Squares  of  the  1464 
Velocities  of  the  Waves  are  inver/lv  as  the  D entities  *  2295. 

229  7« 
f  36^ 
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Velocities  of  the  Waves  are  inverfy  as  the  Denfties 

When  the  Denfty  remains  the  fame,  but  the  Elaficity  varies ,  the 
Height  of  the  Atmofphere  is  chang’d  in  the  Ratio  of  the  com- 
prefiing  Weight,  that  is,  in  the  Ratio  of  the  Elafticity  There¬ 
fore  the  Squares  of  the  Velocities  of  Waves  are  as  the  Degrees  of 
. Elaficity  *. 

If  both  the  Velocity  and  Denfity  differ ,  the  Squares  of  the  Velocities  2208 
tf  the  Waves  will  be  in  a  Ratio  compounded  of  the  dir  eft  Ratio  of  ^  2297 
the  Elaficity  *f*,  and  of  the  inverfe  Ratio  of  the  Denfity  *.  *  2206 

If  the  Denfity  and  Elaf  icity  increafe  or  decreafe  in  the  fame  Ratio, 
the  inverfe  Ratio  of  the  Denfity  deftroys  the  diredt  Ratio  of  the 
Elafticity,  and  the  Velocity  of  the  Waves  will  not  be  chang'd. 

This  laft  Cafe  happens  in  the  Compreflion  of  the  Air  arifing  from 
other  Air  mixing  with  it  *,  whereby,  if  the  Tenor  of  the  Air  re-  *  2 109» 
mains  the  fame  as  to  the  reft,  the  Height  of  the  Atmofphere, 
fuppofing  it  to  be  every  where  of  the  feme  Denfity,  is  not  alter’d  y 
for  it  is  reduc’d  into  a  lefs  Space  in  Proportion  to  the  fuperadded 
Weight.  Therefore  from  the  chang'd  Height  of  a  Column  of  Met -  230a, 

cury,  which  is  fufain'd  in  a  Tube  exhaufed  of  the  Air  *  by  the  Pref-  *  2085. 
fure  of  the  Atmofphere,  which  ftiews  that  the  Weight,  by  which 
the  Air  is  comprefs’d  near  the  Earth,  is  chang’d,  we  cannot  be  cer¬ 
tain  whether  the  Velocity  of  the  Waves  does  alter .  For  the  feme 
Reafon  the  Waves  are  mov'd  with  the  fame  Velocity  in  the  Top  of  a 
Mountain  as  in  a  Valley ,  if  the  Tenor  of  the  Air  does  not  differ  ac¬ 
cording  to  the  greater  Height 

That  Waves  move  fafler  in  Summer  than  in  Winter  is  deduc’d 
from  the  Elafticity  of  the  Air  being  increas’d  by  Heat  * 

The  Height  of  the  Atmofphere,  fuppofing  it  to  be  everywhere 
of  the  fame  Denfity,  is  found  out  by  meafuring  the  Height  of  the 
Column  of  Mercury  in  the  Torricellian  Tube,  which  is  balanc’d 
by  thePreflure  of  the  Atmofphere  *,  and  by  comparing  the  Den-  #  2085* 
fity  of  the  Air  with  the  Denfity  of  the  Mercury  ;  which  may  be 
done  by  weighing  the  Air  And  when  the  Pleight  of  the  Air  is  *  2 1 64, 
found  out,  the  Velocity  is  had  by  Experiments  of  Pendulums*, 
which  a  Body  acquires  in  falling  from  one  half  that  Height  *.  *  415.88*37$. 

The 


* 


23°ra 


2123, 

2302* 

2117, 

23°T 


2306. 

23°7- 


2308. 


2310. 


2311. 

2312. 


Mathematica/  Elements  Book  IV. 

The  Motion  of  the  Air,  which  is  confider’d  in  this  Computa¬ 
tion,  depends  wholly  upon  the  Elafticity,  and  the  Computation 
would  be  exadt,  if  the  Particles  themfelves  had  not  a  fenfible  Pro¬ 
portion  to  the  Interftices  between  them  ;  but  if  we  fuppofe  here 
that  the  faid  Proportion  is  fenfible,  the  Motion  of  the  Waves  will 
be  fwifter ;  for  Motion  is  propagated  through  folid  Bodies  in  an 
Inftant. 

But  we  have  confder'd  the  Particles  of  the  Air  as  Points ,  and  the 
Velocities  found  out  upon  this  Suppofition ,  mujl  he  increas'd  in  Propor¬ 
tion  of  the  Matter  to  the  Interfaces ,  in  order  to  have  the  true  Velocity . 

.  Wherefore  Jo  long  as  the  jame  Air  preferves  it's  Denfty ,  the  Aug¬ 
mentation  of  the  Velocity  is  in  the  fa?ne  Patio  with  the  Velocity  itfelf 

But  if  the  Denfty  is  chang'd^  the  Augfnentation  is  not  only  in  the 
Ratio  of  the  Velocity ,  but  ajjo  in  the  Ratio  of  the  Matter  to  the  Mat¬ 
ter  in  the  fame  Line,  which  is  the  Ratio  of  the  Cube  Root  of  the 
Denfty. 

If  the  Air  he  different ,  this  Rule  does  not  obtain ,  for  the  Particles 
themfelves,  when  the  Denfity  remains  the  fame,  may  have  a  diffe¬ 
rent  Denfity ;  and  the  Ratio  of  the  Diameters  of  the  Particles  to 
the  Interftices  will  be  alter’d. 

The  Motion  of  the  Waves  in  the  Air  produces  Sound ;  but  before 
we  treat  concerning  this,  we  muft  premife  a  few  Things  in  gene¬ 
ral  relating  to  the  Senfations. 

So  ftridt  is  the  Union  between  the  Body  and  the  Mind,  that  fome 
Motions  in  the  Body  do  as  it  were  cohere  with  certain  Ideas  of  the 
Mind,  and  they  cannot  be  feparated  from  each  other.  New  Ideas 
are  every  Moment  excited  in  the  Mind,  by  the  Motion  of  the 
Nerves,  and  fuch  are  the  Ideas  of  all  fenfible  Objedts  5  yet  we  find 
nothing  common  between  the  Motion  in  the  Body  and  the  Idea  in 
the  Mind.  We  cannot  perceive  their  Connexion,  or  whether  there 
be  any  at  all.  There  are  innumerable  Things  in  Nature  hidden 
from  us,  which  even  our  Ideas  cannot  attain  to.  But  this  Con¬ 
nexion  does  not  relate  to  Phyficks. 

When  a  Senfation  is  to  be  explain’d  in  Phyficks,  we  ought  to 
fhew  how  the  Motion  of  a  Body,  which  Caufes  Senfation,  adts 
upon  our  Nerves. 

Therefore  three  Things  relating  to  Sound  are  to  be  confider’d ; 

1.  we  muft  determine  the  Motion  in  a  Body  which  produces  Sound  ; 

2.  We  muft  fhew  how  thefe  Motions  are  transfer ’d  to  us ;  3.  Laftly 
we  muft  explain  what  happens  in  us. 
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The  Parts  of  Bodies,  which  emit  Sound,  are  put  into  a  tremu¬ 
lous  Motion  ;  for  non-elaftic  Bodies,  when  ftruck,  do  not  produce 
Sound.  This  tremulous  Motion  is  alfo  undoubtedly  in  ftretched 
Chords  or  Fibres,  from  whence  proceeds  the  Sound.  This  tremu¬ 
lous  Motion  is  very  fenfible  in  large  Bells,  and  in  many  other  Bo¬ 
dies  ;  it  is  vifible  from  the  following  Experiment  with  a  Glafs  Bell, 
which  gives  a  Sound. 

Experiment  i. 

A  thin  Glafs  Bell,  which  has  a  Knob  at  Top,  that  it  may  be 
held  in  the  Hand,  is  ftruck,  and  the  Edge  of  it  is  brought  near 
any  folid  Body  at  reft  if  the  Diftance  be  fmall,  the  Bell  will,  by 
Means  of  it’s  tremulous  Motion,  ftrike  againft  this  Body  feveral 
Times. 

Yet  the  Sound  does  not  immediately  depend  upon  this  vifible  Motion , 
but  upon  another  tremulous  Motion ,  with  which  the  fmaller  Particles 
are  affefled,  in  the  Motion  mention'd . 

Experiment  2. 

The  elaftic  Iron  Plate  AC B,  being  fufpended,  is  put  into  a  2316, 
tremulous  Motion  which  is  vifible,  if  the  Ends  A  and  B  are  brought  PI.76.F.  i, 
together,  and  fuddenly  let  go  5  yet  no  Sound  is  heard  :  But  if  it  be 
ftruck  on  the  Sides,  which  does  not  put  it  into  a  tremulous  Mo¬ 
tion  that  is  vifible,  there  is  a  Sound  produc’d. 

A  Body  that  is  ftruck ,  continues  to  give  a  Sound  fome  Time  after  2317. 
the  Blow  ;  for  the  agitated  Fibre  will  continue  it’s  Vibration  fome 
Time,  on  Account  of  the  Elafticity  *.  *  J312. 

Sound  alfo  ceafes  when  the  tremulous  Motion  ceafes.  2318. 

From  a  Body,  thus  agitated,  Motion  is  transfer’d  to  the  Ear  by 
Means  of  the  Air $  for  Experience  fhews  that  this  is  the  Vehicle  2310. 
of  Sound .  „ 

A  MACHINE, 

Whereby  Experime?its  concerning  Sound  are  made . 

The  Machine  A,  to  which  is  join’d  the  little  Bell  C,  (which  is  2320. 
reprefented  feparately  in  Fig.  5,  that  it  may  the  better  appear  how  PI.  75. 
it  is  to  be  join’d  to  it,)  contains  feveral  fmall  Wheels,  to  which  F.  a.  5. 
Motion  is  communicated  by  a  Spring,  as  in  Watches ;  and  which 
move  the  fmall  Hammers  m>  m,  that  ftrike  the  Bell  alternately. 

It  is  requir’d  that  this  Motion  be  continued  four  or  five  Minutes, 
before  the  Spring  be  let  loofe. 

V  O  L.  II. 


49 

23I3* 


2314. 


23rJ* 


H 


By 


) 


5° 

232I. 


2322. 
Fig.  2. 


2I55- 


2323. 

2324.. 

*  2190. 

2325. 

2326. 

2327. 

2328. 


Mathematical  Elements  Book  I V. 

By  the  Plate  e ,  the  Motion  of  the  Wheels,  and  the  Hammers, 
is  flopp’d,  or  continu’d  ;  this  depends  upon  the  Pofition  of  the 
Plate  which  may  be  varied,  whilfl  it  is  moveable  about  c>  and  can 
retain  the  Plate  d ,  which  coheres  with  an  Axis,  and  in  it’s  Motion 
goes  and  returns  round  a  Center. 

Experiment  3. 

This  Machine  coheres  with  the  Leaden  Stand  D,  and,  the  fmalf 
Cufhions  E,  E,  being  put  between,  is  put  upon  the  Plate  G  of  the 
Air-pump,  and  is  cover’d  with  the  Glafs  Receiver  R,  open  at  Top. 
This  Aperture  is  clos’d  by  the  Cover  O,  to  which  is  faflen’d  the 
Collar  of  Leathers  P,  which  the  Brafs  Wire  S  T  goes  through  * ; 
to  the  End  T  of  this  Wire  is  join’d  the  Plate  B,  which  is  fo  bent 
and  cut  in,  that  by  turning  the  Handle,  the  Pofition  of  the  Plate  e 
may  be  alter’d ;  whereby  the  Hammers  are  retain’d,  or  let  loofe, 
as  you  pleafe.  The  Hammers  being  fix’d,  the  Air  is  exhaufled 
from  the  Receiver,  the  Hammers  are  let  loofe,  and  no  Sound  is 
heard. 

All  the  Sound  cannot  always  be  extinguifh’d,  but  it  may  be  fo 
weaken’d,  as  to  be  perceiv’d  only  by  thofe,  whofe  Hearing  is  pretty 
quick. 

The  Mercurial  Gage  alfo,  in  this  Experiment,  does  not  fhew 
that  all  the  Air  is  exhaufled  5  for  when  the  Mercury  is  come  to¬ 
il’s  greatefl  Height,  the  Motion  of  the  Pump  mufl  be  continued, 
that  the  Sound  may  be  extinguifh’d,  or  weaken’d  as  much  as  pof- 
fible ;  by  which  is  confirm’d  what  we  faid  before,  that  the  Den- 
iity  is  diminifh’d,  the  Elaflicity  remaining  the  fame 

A  fmall  Quantity  of  Air  being  let  in,  we  immediately  perceive 
a  Sound,  which  is  increas’d  with  the  Air  that  is  let  in.  This  Ex- 
periment  puts  it  out  of  all  Doubt,  that  Sound  is  propagated  by  Air, 
but  in  this  Motion  the  Air  is  not  carried  from  one  Place  to  another ; 
whence  appears  what  we  faid,  that  Sound  depends  upon  the  undula - 
tory  Motion  of  the  Air  ;  by  which  is  confirm’d,  that  Sound  arifes 
from  the  tremulous  Motion  of  Bodies. 

But  as  this  tremulous  Motion  is  eafily  communicated  from  one 
Body  to  another,  ‘The  Conveyance  of  the  Sounds  from  the  tremulous 
Motion  of  the  Fibres ,  is  very  remarkable ;  and  how  far  the  Com¬ 
munication  of  this  Motion  extends  itfelf,  will  appear  from  one 
Experiment  only. 
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Experiment  4. 

Things  being  difpos’d,  as  in  the  foregoing  Experiment,  and  the  2329. 
Air  being  exhaufted,  and  the  Hammers  being  let  loofe,  the  Handle 
M  is  turn’d  in  fuch  Manner,  that  the  Plate  B  may  touch  the  Plate 
e,  but  not  alter  it’s  Pofition  ;  at  that  very  Moment  a  Sound  is 
heard ;  the  Sound  of  the  Bell  indeed  is  weak,  but  the  Sound  of  the 
Wheels  is  perceiv’d  very  diftindlly  ;  the  Plates  being  again  fepa- 
rated  the  Sound  immediately  ceafes. 

In  the  third  Experiment,  before  the  Air  was  exhaufted,  and  af¬ 
ter  it  is  again  let  in,  the  Sound  might  be  perceiv’d,  though  the 
agitated  Air  had  no  Communication  at  all  with  the  external  Air  ; 
whence  it  follows,  that  the  undulatory  Motion  oj  the  Air  communi -  2330« 

cates  a  tremulous  Motion  to  the  Fibres  of  Bodies ,  whereby  Waves  are 
generated  in  the  exterior  Air .  But  in  this  Cafe  the  Sound  is  very 
much  weaken’d. 

As  Sound  is  propagated  through  folid  Bodies,  fo  like  wife  is  it  2331* 
through  Fluids  •>  but  in  this  lajl  Cafe  it  is  alfo  very  much  weaken'd . 

Experiment  5, 

The  Machine  defcrib’d  above  *  is  inclos’d  in  the  Glafs  V,  the  2332. 
Hammers  m ,  m ,  being  firft  let  loofe  ;  the  Glafs  is  clos’d  with  the  PI.75.F.3 
Wocden  Cover  O,  and  the  Water  is  hinder’d  from  getting  inby^  2320. 
foft  Wax.  This  Glafs  is  put  into  a  greater  Glafs  B,  which  contains 
Mercury  in  it  to  the  Height  of  one,  or  two  Inches,  and  the  Glafs 
B  is  fill’d  with  Water.  A  Sound  is  heard,  but  it  is  weak. 

But  there  is  no  Communication  between  the  Bell  and  the  exter¬ 
nal  Air,  unlefs  through  the  Fluids,  Water  or  Mercury. 

The  Fluid  communicates  a  tremulous  Motion  to  the  Glafs  itfelf,  233 3,' 
in  which  it  is  contain’d,  and  to  the  Air,  which  is  upon  the  Surface 
of  the  Water. 

In  all  thefe  the  undulatory  Motion  comes  to  the  Ear,  and  goes.  2  3  3  4, 
into  a  Canal,  in  the  external  Part  of  the  Ear ;  this  external  Part  is 
terminated  by  a  very  thin,  ftretch’d  Membrane,  call’d  the  Tym¬ 
panum,  or  Drum  of  the  Ear,  and  which  feparates  the  external  Part 
of  the  Ear  from  the  internal.  The  Particles  of  Air,  which  are  near 
this  Membrane,  when  the  undulatory  Motion  reaches  them,  ftrike  • 
the  Druitt\of  the  Ear,  and  communicate  a  tremulous  Motion  to  it, 
which  is  transfer’d  to  the  Air  inclos’d  in  the  inward  Cavity  of  the 
Ear ;  feme  fmaller  Bones  are  mov’d,  by  the  Agitation  of  the  Drum ; 
the  undulatory  Motion  is  propagated  through  certain  fmall  Canals* . 
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which  are  twifted  in  a  peculiar  Manner,  and  the  whole  bony  Sur¬ 
face  of  this  Cavity  is  (truck  by  the  Particles  of  Air,  which  are  in 
Motion.  By  all  thefe  Motion  is  eafily  communicated  to  the  audi¬ 
tory  Nerve,  which  coheres  with  the  Organ,  of  which  we  are 
(peaking,  and  which  goes  into  the  Cavity  itfelf  of  it. 

The  Structure  of  the  Ear  is  wonderful,  but  as  we  are  not  ac¬ 
quainted  with  the  Ufe  of  the  peculiar  Parts,  the  general  Things 
only,  which  we  have  taken  Notice  of,  belong  to  our  Purpofe. 

The  Celerity  of  Sound  is  the  fame  as  the  Celerity  of  Waves,  which 
Jlrike  the  Ear ,  and  to  this  mud  be  refer’d  what  has  been  faid  of 
their  Celerity  In  refpetd  to  Numb.  2293  it  is  to  be  obferved, 
that  the  Celerity  of  Sound  can  no  Way  be  determin'd  by  Calcu¬ 
lation  *  ;  for  the  Proportion  between  the  Diameters  of  the  Parti¬ 
cles  and  the  Interdices  between  them,  is  not  known  ;  but  the  Ce¬ 
lerity  of  Sound  may  be  immediately  determin'd  by  an  Experiment. 

If  a  Flafh  of  Fire  goes  off  at  Night  with  a  Noife,  and  a  Specta¬ 
tor  dands  at  any  known  Didance  from  the  Fire,  who,  with  a  (hort 
Pendulum,  meafures  the  Time  between  feeing  the  Light,  and 
hearing  the  Sound,  he  will  have  the  Celerity  of  the  Sound  ;  for 
the  Motion  of  Light,  at  lead,  through  the  Space  as  fuch  an  Expe¬ 
riment  can  be  made  in,  is  indantaneous. 

By  fuch  an  Experiment  made  in  France ,  it  appear'd,  that  Sound 
mov'd  1080  French  Feet,  that  is,  1 1 17  Rhinland  Feet  in  one  Se¬ 
cond  of  Time  :  Which  Velocity  differs  little  from  that,  which 
Durham  determin’d  from  many  Experiments,  in  a  Space  exceed¬ 
ing  twelve  Eng  life  Miles  3  according  to  whom  the  Space  run* 
through  in  one  Second  is  1100  Rheinland  Feet :  But  this  Celerity  is 
not  condant 

If  at  the  fame  Time  in  which  the  Velocity  of  Sound  is  deter¬ 
min'd  by  this  Method,  you  find  out  the  Space  mov’d  through  by 
the  Eladicity  the  Acceleration  of  the  Sound  will  be  had  from  the: 
Thicknefs  of  the  Particles. 

The  Celerity  of  Sound  is  equable  *  ;  yet  in  going  through  a  greater 
Space  it  is  fome  times  accelerated  or  retarded  •f*,  from  the  different 
repellent  Force,  which  the  Particles  fometimes  have  in  different 
Places  *.  But  this  is  deduc’d  rather  from  Reafoning  than  Expe¬ 
rience,  becaufe  the  Conftitutioa  of  the  Air  does  not  differ  enough 
in  neighbouring  Places. 

The  Celerity  of  Sound  varies  as  it  goes  with  the  Wind ,  or  againfl 
it .  By  the  Wind  a  certain  Quantity  of  Air  is  carried  from  one 
Place  to  another  3  the  Sound  is  therefore  accelerated  as  long  as  it 
3  moves 
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moves  through  that  Part  of  the  Air,  if  the  Dire&ion  of  the  Sound 
be  the  fame  with  the  Diredion  of  the  Wind ;  in  which  Cafe  the 
Velocity  of  the  Wind  muft  be  fuperadded  to  the  Velocity  of  Sound, 
which  has  been  taken  Notice  of. 

But  the  Velocity  of  the  moft  violent  Winds,  which  is  ftrong 
enough  to  root  up  Trees,  and  blow  down  Houfes,  is  lefs  than  a 
thirtieth  of  the  Velocity  of  Sound,  if  with  Mariotte  we  fuppofe, 
the  moft  violent  Wind  to  run  through  only  thirty  two  Feet  in  one 
Second. 

According  to  others  the  Velocity  of  Wind  is  much  greater,  and 
therefore  the  Acceleration  of  Sound  is  greater,  which  agrees  better 
with  Obfervations. 

By  the  Way  of  arguing  it  is  alfo  prov’d  that  Wind  retards  the 
Motion  of  Sound. 

The  Spaces  which  the  Particles  run  through,  as  they  come  and 
go,  may  be  increas’d  and  diminifh’d  by  the  Wind  \  therefore  the 
Sound  may  be  heard  at  a  greater  or  fmaller  Dijlance ,  according  to  the 
Direction  of  the  Wind .  For  in  the  Air  which  is  mov’d  by  the 
Wind,  there  is  a  certain,  fmall  mutual  Accefs  of  the  Particles, 
whilft  the  hinder  Air  drives  on  that  which  is  before  it ;  by  this  the 
Eiafticity  of  the  Air  is  increas’d,  and  the  Direction  of  this  mutual 
Motion  conipires  with  the  Direction  of  the  Wind. 

The  Intenfity  of  Sound  depends  upon  the  Strokes  of  the  Air 
upon  the  auditory  Nerve  ;  and  thefe  Strokes  are  as  the  Quantities 
of  Motion  of  the  Particles  ftriking. 

Thefe  Forces  are  as  the  Number  of  the  Particles  ftriking  againft 
the  Drum  of  the  Ear  at  the  fame  Time,  and  as  the  Squares  of  the 
Velocities  of  thefe  Particles  *. 

Therefore  in  determining  the  Intenfity  of  Sound ,  the  Ptenfty  of 
the  Air  mud  be  confder'd ,  the  Velocity  of  the  Sound ,  the  Space  mov'd 
through  by  the  Particles  in  going  and  returning ,  and  the  Number  of 
the  Waves  friking  the  Ear  in  a  certain  Pi  me. 

All  things  remaining  as  before ,  if  the  Weight  by  which  the  Air  is 
comprefs'd  be  only  chang'd ,  the  Space  mov’d  through  by  the  Particles 
in  going  and  coming  will  not  by  that  be  chang’d,  which  only  va¬ 
ries  upon  the  Augmentation  or  Diminution  of  the  tremulous  Mo¬ 
tion  of  the  Parts  of  a  Body  ;  nor  will  the  Number  of  the  Waves  be 
chang’d,  for  thefe  alfo  depend  upon  the  tremulous  Body  y  neither 
is  the  Velocity  of  the  Sound  alter’d*,  fetting  afide  the  Acceleration,  * 
mention’d  in  Number  2305.  which  is  not  to  be  conlider’d  here, 
becaufe  in  this  Place  the  Velocity  we  are  treating  of,  is  that  with 
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•which  every  Particle  is  mov’d 5  therefore  the  Denfity  only  varies, 
that  is,  the  Number  of  Particles  moving  in  a  given  Time  is  only 
chang’d,  and  the  Intenfity  of  the  Sound  is  chang'd  in  this  Ratio  *  ; 
that  is,  in  the  Ratio  of  it’s  Denfity,  which  is  in  the  Ratio  of  the 
.  comprejjing  Weight  *. 

It  appears  by  Experiment  that  the  Intenfity  of  it  is  encreas’d. 

Exp eriment  i. 

The  Board,  part  of  which  is  reprefented  feparately  at  E,  is  put 
into  the  Machine  N  M,  in  which  the  Air  is  comprefs’d  *.  Upon 
this  Board  we  put  the  Machine  A  *j~,  a  Leather  being  put  between, 
which  we  made  Ufe  of  in  the  third  Experiment  of  this  Chapter  *  ; 
aud  that  it  may  not  be  remov’d  from  it’s  Place,  the  Leaden  Stand 
D  has  two  Holes  in  it  •  that  Pins,  faften’d  to  E,  one  of  which  is 
feen  at  f  may  go  into  thefe  Cavities.  To  the  Cylinder  N  M  is 
join’d  the  Collar  of  Leathers  p ,  through  which  the  Brafs  Wire 
S  T  goes  to  which  is  faften’d  the  Plate  B,  which  we  made  Ufe 
of  in  the  third  Experiment  *,  but  it  is  applied  to  the  Wire  in  ano¬ 
ther  Manner  ;  by  this,  in  this  Cafe,  as  in  that,  the  Hammers  are 
kept  from  moving,  or  they  are  let  loofe,  by  turning  the  Handle  Q. 

The  Cylinder  M  N  is  clos’d  by  the  Cover  O,  and  the  Air  is  com¬ 
prefs’d  as  much  as  you  pleafe  and  the  Machine  is  again  put  upon 
it’s  Stand  G.  The  Hammers  being  let  loofe,  the  Sound  is  heard 
diftindtly,  and  the  better,  the  more  the  Air  is  comprefs’d.  If  you 
open  the  Cock,  and  let  the  Air  out,  and  fhut  it  again,  the  Sound 
is  faint. 

As  the  Intenfity  of  the  Sound  is  greater  in  comprefs’d,  inclos’d 
Air,  the  Fibres,  of  which  the  Cylinder  M  N  confifts,  are  agitated 
more  alfo,  and  a  greater  Agitation  is  communicated  to  the  outward 
Air. 

If  the  comprejjing  Weight  remaining  the  fame ,  the  Denfity  be  en¬ 
creas’d,  the  Matter  mov’d  is  indeed  encreas’d  in  the  fame  Ratio  with 
the  encreas’d  Denfity ;  but  we  demonftrate  in  the  fecond  Scholium, 
annexed  to  this  Chapter,  that  the  Intenfity  of  Sound ,  in  this  Cafe, 
is  dimini  fid  d  in  the  Ratio ,  in  which  the  Jquare  Root  of  the  Denfity 
encreafes .  From  whence  it  follows,  that  in  Summer ,  c ceteris  pari¬ 
bus ,  the  Intenfity  of  Sound  is  greater  than  in  Winter . 

Experiment  7. 

Sufpend  the  Bell  A  in  the  Glafs  R;  and,  when  the  Cock  is  open’d, 
i  let  the  Air  in  the  Glafs  communicate  with  the  outward  Air.  Shake 

i  the 

) 

t 


55 


Chap.  7.  of  Natural  Philofophy  '. 

the  Glafs,  and  obferve  the  Diftance,  at  which  the  Sound  can  be 
heard.  The  Glafs  being  heated  together  with  the  internal  Air,  and 
the  Experiment  being  repeated,  the  Sound  will  be  heard  at  a  greater 
Diftance. 

Thefe  Things  are  fo,  as  long  as  the  Temper  of  the  Air  remains 
the  fame  3  but  this  is  often  chang’d-*.  Watery  Vapours  hinder  the  * 
Jntenfity  of  Sound  very  much . 

There  is  alfo  a  Diftance  of  Sound  arifing  from  the  Number  of 
the  Vibrations  of  the  Fibres  of  the  fonorous  Body  3  that  is,  from 
the  Number  of  the  Waves  produc’d  in  the  Air  in  a  certain  Time j 
for  according  to  the  different  Numbers  of  the  Percuffions  againft 
the  Ear,  the  Mind  receives  a  different  Senfation. 

A  mufcal  Tone  depends  upon  this  Number  of  Vibrations ,  which  is 
faid  to  be  fo  much  the  more  acute ,  as  the  Returns  in  the  Air  are  more 
frequent ,  and  the  more  grave,  the  lefs  the  Number  of  Waves  is . 

And  the  Degrees  of  the  Sharpnefs  of  different  Tones ,  are  to  one  ano¬ 
ther  as  the  Number  of  the  Waves ,  which  are  produc'd  in  the  Air  at 
the  fame  Time . 

A  Tone  does  not  depend  upon  the  Intenfty  of  the  Sound  3  and  an 
agitated  String  gives  the  fa?ne  Sound ,  whether  it  goes  and  comes  along 
a  greater ,  or  lefs  Space  *.  * 

Concords  arife  from  the  Agreement  between  the  different  Motions  in 
the  Air ,  which  affedt  the  auditory  Nerves  at  the  fa?ne  Time . 

If  two  tremulous  Bodies  perform  their  Vibrations  in  the  fame  Time , 
there  will  be  no  Difference  between  the  Tones  3  and  this  Agree¬ 
ment ,  which  is  the  moft  perfed  of  all,  is  call'd  an  Unifon . 

If  the  Vibrations  be  as  One  to  Two ,  this  Cojicord  is  call'd  an  Octave 
or  Diapafon. 

If  they  be  as  Two  is  to  Three ,  that  is,  if  the  Second  Vibration  of 
one  Body  always  agrees  with  the  third  of  another,  fuck  a  Concord  is 
call'd  a  Fifth  or  Diapente . 

Vibrations  which  are  as  Three  is  to  Four ,  produce  a  Concord  call'd 
a  Fourth  or  Diatefferon. 

A  Ditone  is  when  the  Returns  of  the  Air  are  as  Four  is  to  Five * 
And  a  Sefquiditone  is  a  Concord  arifng  from  the  Concurrence  of  the 
fifth  Vibration  of  one  Body  with  the  Sixth  of  another . 

Concords  produc’d  from  the  Agitations  of  Strings,  if  they  be  of 
the  fame  Kind,  are  eafily  determin’d  from  their  Dimenfions  and 
Tenfion  3  for  the  Agitations  of  the  fmall  Parts  do  depend  upon, 
the  Agitations  of  the  whole  Strings,. 
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C ceteris  paribus ,  if  the  Lengths  of  two  Strings  be  to  one  another 
as  the  Number  of  Returns  in  a  Concord ,  Concord  or  Confonance 

between  the  Sounds ,  which  the  Strings  produce ,  will  be  had  *. 

‘ The  fame  will  happen,  if  cceteris  paribus ,  Diameters  have  the 

aforefaid  Proportion  *. 

if  cceteris  paribus,  the  Proportion  of  the  Vibrations  in  a  Con¬ 
cord  be  given  between  thejquare  Roots  of  the  Tenfions  *. 

And  generally ,  fuppofmg  any  Strings  of  the  fame  Kind ,  if  the  Ra - 
2  3  7 1  •  compounded  of  the  airett  Ratio  of  the  Lengths ,  and  that  of  the 
Diameters,  and  of  the  inverfe  Ratio  of  the  fquare  Roots  of  the  Pen- 
fions,  be  the  Ratio  between  the  Numbers  of  the  Vibrations  perform'd  in 
the  fame  Lime  in  any  Confonance  whatever ,  you  will  have  that  Confo - 
1296.  nance  by  the  Agitation  of  thefe  Strings 

Muficians  have  confirm’d  all  thefe  Things  by  Experiments. 

They  have  obferv’d  a  very  notable  phenomenon  about  thefe 
Strings,  whofe  different  Cafes  are  well  worth  explaining. 

Let  any  mufical  Strings  be  fo  f  retch'd  as  to  perform  their  Vibra¬ 
tions  in  the  fame  Time ;  if  one  of  them  be  agitated,  the  other  will  be 
mov'd  aljo.  For  every  Wave  of  the  Air  arifing  from  the  tremulous 
Motion  of  the  firft  String,  ftrikes  the  fecond  String,  and  commu¬ 
nicates  a  fmall  Motion  to  it ;  and  it  goes  backwards  and  forwards 
,  feveral  Times,  from  the  leaf!:  Motion  *,  being  mov’d  by  the  Stroke 
of  the  firft  Wave,  whilft  the  fecond  Wave  comes  forwards,  whofe 
,  Motion  confpires  with  the  Motion  of  the  String  and  accelerates 
it.  What  is  faid  of  the  fecond  Wave  is  true  of  the  other  Waves 
which  follow,  and  there  will  be  an  Acceleration  till  the  Motions 
of  the  Strings  be  nearly  equal. 

,  It  follows  from  the  fame  Demonftration,  that  the  String  mov'd 
communicates  Motion  to  the  other ,  which  perj or  ms  two  or  three  Vibra¬ 
tions  whilft  the  firft  performs  one. 

.  And  if  the  agitated  String  performs  various  Vibrations,  whilft  the 
String  which  is  to  be  mov’d  by  the  Air  can  perform  only  one,  it 
will  follow  from  the  Demonftration  aforegoing,  that  it  muft  com¬ 
municate  a  particular  Motion  to  it :  To  find  out  which,  it  muft 
be  obferv’d,  that  the  Duration  of  the  Vibration,  and  the  Length  of 
j  the  String  are  reciprocal  in  fuch  Sort,  that  every  Thing  elfe  continu¬ 
ing  as  before,  the  determin’d  Length  can  no  Way  be  Separated  from 
the  determinate  Duration  of  the  Vibration.  If  therefore  any  String 
be  ftruck  with  feveral  Strokes,  by  which  Motion  is  communicated 
to  it,  and  the  Strokes  are  more  frequent  than  what  is  agreeable  to 
the  Length  of  the  String,  that  Part  of  it  whofe  Length  agrees  with 
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the  Duration  of  the  communicated  Vibrations,  will  be  agitated 
only,  and  there  will  be  a  Sort  of  undulatory  Motion  communicated 
to  the  String ;  and  the  Length  of  the  Waves  in  the  String  will  de¬ 
pend  upon  the  Duration  of  the  Vibration  that  is  communicated, 
that  is,  upon  the  Time  between  the  Strokes. 

Let  there  be  two  Strings ,  the  one  of  which  vibrates  twice  whiljl  the 
other  vibrates  once ,  and  let  the  firft  String  be  put  in  Motion ,  the 
Duration  of  the  Vibrations  communicated  to  that  String  by  the 
Motion  of  the  Air,  agrees  to  a  String  of  half  it’s  Length  *,  and 
fuch  is  the  Length  of  the  Waves  in  it.  Therefore  the  String  is  di¬ 
vided  into  two  equal  Parts  by  the  communicated  Motion ,  and  the  mid¬ 
dle  Pohit  is  at  Ref .  This  is  confirm’d  by  an  Experiment,  viz . 
laying  a  Piece  of  Paper  upon  a  String,  to  which  the  Motion  is 
communicated  ;  for  if  it  be  put  upon  the  middle  Point  of  the 
String  it  will  be  at  Reft,  though  in  every  other  Place  it  will  be  af« 
feCted  with  a  tremulous  Motion. 

If  one  String  which  is  put  in  Motion  in  order  to  caufe  Motion  in 
another ,  performs  three  Vibrations  whilf  the  String  to  be  mov'd  per¬ 
forms  but  one ,  this  laf  will  be  divided  into  three  Parts  by  the  Motion 
communicated ,  and  there  will  be  two  Points  of  Ref  ;  which  is  like- 
wife  confirm’d  by  an  Experiment  like  that  above-mention’d.  All 
other  Cafes  of  communicated  Motion,  which  Muficians  have  ob~ 
ferv’d,  are  eafily  deduc’d  from  what  has  been  faid. 

What  has  been  faid  of  the  Reflection  and  Inflection  of  the  Waves 
in  Water  *,  may  be  refer’d  to  the  Reflection  of  the  Waves  in  the 
Air ;  the  Elafticity  in  this  Cafe  producing  the  fame  EffeCt  as  the 
Preflure  of  the  rais’d  Water  in  that. 

From  the  Reflexion  of  Sound  there  often  arifes  a  Repetition  of  it , 
which  is  call'd  an  Echo .  If  the  feveral  Parts  of  the  fame  Wave, 
expanding  itfelf  fpherically  *,  ftrike  upon  different  Surfaces,  lb 
that  being  reflected  they  meet,  the  Motion  of  the  Air  will  be 
ftronger  there,  and  the  Sound  will  be  heard.  The  fame  Soimd  is 
often  repeated  feveral  Finies ,  from  the  different  Parts  of  the  fame 
Wave  reflected  to  different  Diftances,  fome  of  which  alfo  fuccef- 
fively  meet  in  the  fame  Place.  Sometimes  we  have  fuch  a  Repe¬ 
tition  from  the  Repetition  of  Reflection. 

Sound  is  encr eas'd  by  Reflection  in  a  Tube,  as  we  find  in  fpeaking 
Trumpets.  The  moft  perfeCt  Figure  that  thefe  Tubes  can  have, 
is  that  generated  by  the  Rotation  of  a  Parabola  about  a  Line  pa¬ 
rallel  to  the  Axis,  at  the  Diftance  of  a  Quarter  of  an  Inch.  For 
if  any  Body  fpeaks  in  fuch  a  Tube,  putting  his  Mouth  in  the  Axis 
Voi,.  II.  I  of 
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of  the  Tube,  and  in  the  Forces  of  the  Parabola,  the  Waves  will 
be  fo  reflected,  that  every  one  of  their  Parts  will  acquire  a  Motion 
parallel  to  the  Axis  of  the  Tube  *  by  which  Means  the  Force  of 
the  Wave,  and  that  of  the  Sound  too,  will  be  very  much  increas’d. 
The  greater  End  of  the  Tube,  from  which  the  Sound  goes  out, 
muft  be  bent  fo  as  to  have  the  Shape  of  one’s  Lips,  that  thereby 
the  Wave  may  more  eafily  be  fcatter’d  every  Way. 

Ex  periment  8. 

Let  a  Perfon  fpeak  in  a  low  Voice,  applying  his  Mouth  to  the 
fmaller  Aperture  of  the  Tube  before-mention’d  $  if  the  Tube  be 
four  Foot  long,  the  Sound  will  be  heard  at  a  great  Diftance,  and 
it  will  be  very  much  increas’d  in  the  neighbouring  Places. 

The  longer  the  Tube  is,  the  more  intenfe  will  be  the  Sound, 
and  at  the  greater  Diftance  will  it  be  heard.  There  will  alfo  be  a 
Difference,  if,  the  Length  continuing  the  fame,  the  Tube  be  wider, 
like  A,  or  narrower,  like  B.  I  have  not  determin’d  by  Experi¬ 
ments,  through  which  of  thefe  Tubes,  the  Sound  maybe  convey’d 
to  the  greater  Diftance. 

1  i  4  «  :  4  %-  •  • 

SCHOLIUM  I. 

The  Demonf rations  of  N.  1150.  1152» 

IN  order  to  make  manifeft,  what  has  been  faid  concerning  the  Law, 
to  which  Particles,  having  an  undulatory  Motion,  are  fubjedt,  in  go¬ 
ing  and  coming  *,  we  muft  confider  •,  that  the  Law  of  Elafticity  deter¬ 
mines  the  Motion  of  the  Air,  and  that,  vice  versa ,  the  Law  of  Elafticity 
may  be  determin’d,  from  that  Motion  being  given. 

I  fhall  take  this  laft  Method  •,  and  fuppofmg  all  the  Particles,  in  going, 
and  coming,  to  be  mov’d,  like  a  Body  vibrating  in  a  Cycloid,  that  is, 
to  be  prefs’d  with  a  Force,  which  is  increas’d  and  diminifh’d,  with  the 
Diftance  from  the  middle  Point  of  the  Space,  run  through  in  going  and 
coming  *,  I  fhall  demonftrate  that  that  very  Law  of  Elafticity,  which 
we  found  before  to  obtain  in  Air*,  is  requifite  to  produce  this:  Whence 
it  will  appear,  that  the  Particles  of  the  Air  do  really  move  according  ta 
the  Law  of  a  Pendulum  vibrating  in  a  Cycloid. 

Let  there  be  a  Circle  AFB,  whofe  Circumference  is  equal  to  the 
Breadth  of  a  Wave;  let  there  be  a  fmaller  Circle,  GIOL,  concentric 
with  the  former,  whofe  Diameter  is  equal  to  the  Space,  run  through  by 
the  Particles,  in  going  and  coming  ;  which  as  it  is  fmall,  this  Circle  is 
of  no  fenfible  Magnitude  in  refpebt  of  the  other. 
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Let  us  fuppofe  the  Circumference  of  the  fmaller  Circle  to  reprefent 
the  Time,  in  which  the  Wave  runs  through  it’s  Breadth  ;  that  is,  the 
Time  in  which  a  Particle  goes  and  comes  *  ;  and  therefore  it  runs  through  *  2284. 
the  Line  GO  twice,  according  to  the  Law  of  a  Body  mov’d  in  a  Cycloid 
by  Gravity :  Therefore  half  of  the  Circle  reprefents  the  Time,  in  which 
this  Line  is  run  through  once. 

In  the  greater  Circle,  let  EF  be  the  Diftance  between  the  Centers  of 
two  neighbouring  Particles  at  Reft  *  Lines  being  drawn  from  E  and  F 
to  the  Center,  the  Arch  I  /,  in  the  fmaller  Circle,  will  reprefent  one  of 
the  Moments,  mention’d  N.  2285  :  For  we  fuppos’d  the  greater  Cir¬ 
cumference  to  be  equal  to  the  Breadth  of  the  Wave. 

Therefore,  if  a  Particle  be  carried  through  G  H,  the  next  Particle  that 
follows  it,  which  was  mov’d  one  Moment  longer,  will  be  carried  through 
Gb  *,  IH,  ih ,  being  drawn  Perpendicular  to  GO  •,  and  the  Difference  *  467. 
of  their  Tranflations  will  be  H  h  ;  but  the  Difference  of  the  Motions  of 
neighbouring  Particles,  is  the  Increafe,  or  Diminution,  of  the  Diftance 
between  them  :  In  this  Cafe,  in  which  the  antecedent  Particle  was  carried 
through  a  lefs  Space,  H  or  I  /»,  which  we  fuppofe  parallel  to  it,  is  the 
Diminution  of  the  Diftancce  ;  which  itfelf  is  therefore  EF  Minus  I m. 

The  Ratio  between  I  m  and  EF  is  compounded  of  the  Ratio  of  I  m  to 
I /,  and  of  I  i  to  EF.  The  firft  Ratio  is  that  which  is  between  IH  and 
IC  ;  by  Reafon  of  the  fimilar  Right-angled  Triangles  law/,  IHC.  The 
fecond  Ratio  is  that,  which  is  between  IC  and  CE,  as  is  manifeft.  The 
Ratio  compounded  of  thefe  is  that  of  I H  to  EC,  or  AC. 

Therefore,  if  we  denote  the  Diftance  between  the  Particles,  before  the 
Agitation,  by  the  Semidiameter  of  the  greater  Circle,  HI  will  reprefent 
the  Diminution  of  the  Diftance,  whilft  the  Arch  GI  reprefents  the  Time 
of  the  Agitation  *.  By  a  like  Demonftration  it  appears,  in  the  return  of  * 
the  Particles,  that  H  L  reprefents  the  Increafe  of  the  Diftance,  if  the  Arch 
OL  reprefents  the  Time  of  the  Return,  that  is,  the  Arch  GIOL  the 
Time  of  the  Agitation. 

Now  if  we  fuppofe  a  Line  PQ,  parallel  to  GO,  and  which  touches 
the  greater  Circle  at  P ;  and  if  HI  be  continued  toR  •,  HR  will  be  equal 
to  AC,  taking  away  HI  there  remains  IR,  which  denotes  the  Diftance 
of  the  Particle  from  the  neighbouring  one,  fuppofing  G I  to  be  the  Time 
of  the  Agitation,  if  this  were  GIOL  the  Diftance  between  the  Particles 
wou’d  be  RL  •,  and  the  Diftances,  in  any  Moments  whatfoever,  are  re- 
prefented  by  Lines  parallel  to  the  Line  PC,  terminated  on  one  Side  by 
the  Line  QPS  and  on  the  other  by  the  Semicircle  GIO  in  going,  and 
OLG  in  coming. 

The  Difference  between  two  neighbouring  Diftances  is  im  or  ul,  if 
L,  or  L/,  as  before,  reprefents  the  Moment,  mention’d  in  N.  2285.  in 
which  Cafe  thefe  laft  fmall  Lines  are  conftant :  But  as  we  fuppofe  the 
Particles  to  be  mov’d,  in  going  and  coming,  according  to  the  Law  of  a 
Pendulum,  vibrating  in  a  Cycloid  by  Gravity,  the  fmall  Lines  as  i  m  or 
uh  if  L  or  L/  be  conftant,  reprefent  the  Force  accelerating  the  Motion, 
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whilft  the  Time  of  the  Agitation  is  reprefented  by  GI,  or  GIOL  *  : 
Therefore  the  accelerating  Force ,  which ,  every  Moment ,  upon  every  one 

of  the  Particles ,  the  Motion  which  we  have  fuppos'd ,  is  proportional  to  the 
Difference,  between  the  neighbouring  Diftances  of  the  Particles ;  namely  if 
this  accelerating  Force  agrees  with  Gravity  in  this,  viz.  in  adting  upon  a 
Particle  in  Motion,  as  it  wou’d  act  upon  one  at  Reft  *  ;  which  will  hap¬ 
pen,  if  the  accelerating  Force  depends  upon  the  Elafticity  of  the  Air  ; 
for  then  the  moving  Caufe  is  transfer’ d  with  the  Particles  themfelves. 

But  we  demonftrate  that  this  very  accelerating  Force  does  really  take 
Place  in  the  Air.  The  Force,  with  which  the  Particles,  whofe  Diftance 
is  reprefented  by  I R,  mutually  repel  one  another,  is  to  the  Force  with 
which  the  Particles  are  repelled  from  one  another,  whofe  Diftance  is  ex- 

prelfed  by  ir  as  — to  —7  *  *and  theDifference  of  thefe  Forces  is  the 

RI  n 

Force,  with  which  the  middle  Particle  is  agitated;  which  Force  isexpreffed’by 

i  1  RI  —  ri  mi  ,  ,  ... 

— : - yyy-  do  -tt 't - -  DO  ttt - ~  j  whilft  the  Force,  with  which 

ri  RI  RIxn  RIxr/ 

the  Particles  at  Reft  mutually  fly  from  each  other,  whofe  Diftance  is  re- 

T 

prefented  GQ,  is 


GQ. 

Therefore  thefe  Forces  are  as 


mi 


to 


or  as  w/xGQja 


RI  x  ri  ~  GQj 

RI  x  ri,  or  to  GQ£;  becaufe,  as  the  lefs  Circle  is  of  no  fenfible  Magni¬ 
tude,  in  refpedt  of  the  greater,  QG,  RI,  ri,  may  be  looked  upon  as 
equal,  without  any  fenfible  Error.  Therefore  the  laft  Ratio  mentioned, 
is  that  which  is  between  mi  and  GQj  namely  by  dividing  each  Quantity 
by  G  Q,  which  does  not  alter  the  Ratio  between  them.  If  therefore  we 
reprefent  by  G  Q^the  Force,  with  which  the  Particles  at  Reft  mutually^ 
fly  from  one  another,  im,  that  is,  the  Difference  of  the  neighbouring 
Diftances,  will  exprefs  the  accelerating  Force  ;  which  is  that,  which  is 
required,  that  every  one  of  the  Particles  may  move  according  to  the  Law 
of  a  Body  vibrating  in  a  Cycloid  *.  Which  was  to  be  demonftrated. 

The  accelerating  Force,  which  a£ts  upon  the  Particles  of  Air,  may  be 
compared  with  Gravity,  and  the  Celerity  of  a  Wave  with  the  Celerity  of 
a  falling  Body,  as  was  faid  in  N°.  2293. 

When  a  Body  vibrating  in  a  Cycloid,  runs  through  this  whole  Curve, 
it  is  preffed  with  it’s  whole  Weight  in  the  Points,  which  are  moft  remote 
412,  458.  from  the  middle  Point  of  the  Way  to  be  run  through  *  •,  therefore,  in  or¬ 
der  to  compare  with  Gravity  the  Force  accelerating  the  Motion  of  the 
Particle,  whilft  it  goes  and  comes  along  G  O,  we  ought  to  compare  with 
the  Weight  of  the  Particle  the  Force,  which  adts  upon  it  at  G,  or  O,  and 
preffes  it  towards  C. 

The  Lines  as  li  and  im  are  confufed  in  the  Point  G-,  therefore. putting 
AD  and  EF  equal,  that  is,  putting  AD  equal  to  the  Diftance  between 
die  Particles  at  Reft,  and  drawing  DC  to  the  Center,  Gg,  which  is  equal 
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to  I/,  will  exprefs  the  Force,  which  at  G  prefles  the  Particle  towards  C, 
whilft  GQ^exprefles  the  Force,  with  which  the  Particles  at  Reft  mutually 
repel  one  another  *. 

Let  us  fuppofe  the  Atmofphere,  whilft  the  Quantity  of  the  Air  remains 
the  fame,  to  be  every  where  above  the  Place,  in  which  the  Wave  moves, 
of  the  fame  Denfity  with  the  Air  in  this  Place  ;  and  in  this  Cafe  let  the 
Height  of  the  Atmofphere  be  S  V  •,  let  S s  be  equal  to  AD,  the  Diftance 
between  the  Centers  of  two  neighbouring  Particles  •,  Si  is  to  SV,  as  Unity* 
is  to  the  Number  of  Particles,  in  sV  ;  that  is,  Ss  is  to  SV,  as  the  Weight 
of  one  Particle  to  the  Weight,  with  which  the  Particles  S,  i,  are  mutu¬ 
ally  driven  towards  one  another  ;  which  Weight  is  equal  to  the  Force,, 
with  which  thefe  Particles  endeavour  to  recede  mutually  from  one  ano¬ 
ther  by  their  Elafticity  *. 

But  the  Weight  of  one  Particle  is  to  the  Force  at  G,  of  which  we  have 
juft  fpoken*  in  a  Ratio  compounded  of  the  Weight  of  one  Particle  to  the 
elaftic  Force  of  the  Air  at  Reft,  and  of  this  elaftic  Force  to' the  Force  at 
G  ;  that  is,  in  a  Ratio  compounded  of  that  of  S  s  to  SV,  and  QG  to 
G^.  This  laft  Ratio  is  compounded  of  the  Ratio  of  QG,  or  AC,  to 
GC,  and  GC  to  G^,  which  is  the  fame  as  the  Ratio  of  AC  to  AD  or 
Ss.  Therefore  the  Ratio  compounded  of  the  Ratios  of  S  s  to  SV,  and 
QG  to  Ggy  is  alfo  compounded  of  the  Ratios  of  S  s  to  SV,.  AC  to> 

GC,  and  AC  to  S s  ;  which  is  the  Ratio  of  SjxACx  AC  to  SV  x  GC 
x  Ss,  or  of  AC9,  to  SV  x  GC  ;  therefore  the  Force  of  Gravity  and  the 
Force,  with  which  the  Particles  are  agitated  in  the  undulatory  Motioni 
are  in  this  Ratio  ♦,  and  if  a  Pendulum,  of  the  Length  C  G,  ftiould  be 
moved  with  this  Force,  inftead  of  Gravity,  it  would  perform  two  Vi¬ 
brations,  in  the  Time,  in  which  the  Wave  runs  through  it’s  Breadth ;  for 
in  this  Time  a  Particle  goes  and  comes  *.  * 

Therefore  if  there  be  another  Pendulum  moved  by  the  Force  of  Gra¬ 
vity  and  of  the  Length  S  V,  the  Square  of  the  Time,  in  which  this  would 
perform  two  Vibrations,  is  to  the  Square  of  the  Time,  in  which  the  Wave 
runs  through  it5s  Breadth,  in  a  Ratio  compounded  of  the  diredt  Ratio  of 
SV  to  GC,  and  the  inverfe  Ratio  of  AC*' to  SVxGC*,  of  which  is  *  43 3P 
compounded  the  Ratio  of  SV*  to  AC9.  Therefore  the  Times  themfelves 
are  as  SV  to  AC.  But  the  Time,  in  which  the  Pendulum,  whofe  Length 
is  SV,  performs  two  Vibrations,  is  equal  to  the  Time,  in  which  a  Body, 
with  a  Celerity,  acquired  in  falling  half  the  Height*  S  V,  can  run  through 
the  Circumference  sof  a  Circle,  whofe  Semi- diameter  is  SV*;  which  *  376.  41*5, . 
Time  as  it  is  to  the  Time,,  in  which  the  Wave  runs  through  it’s  Breadth,  4 7°* 
that  is,  the  Circumference  of  a  Circle,  whofe  Semidiameter  is  AC,  as  S  V 
is  to  AC,  in  which  Ratio  are  the  Circumferences  themfelves,  the  Spaces- 
run  through  are  the  Times ;  therefore  the  Velocities  are  equal  *,.  and  the  *  120;- 
Propofition  delivered  in  N.  2293.  is  manifeft.. 
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Of  the  Intenfty  of  Sound. 
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WE  have  feen  that  the  Intenfity  of  Sound  follows  the  Ratio  com¬ 
pounded,  of  the  Ratio  of  the  Number  of  Particles,  ftriking 
againft  the  Ear,  in  a  certain  Time,  and  the  Ratio  of  the  Square  of  the 
Velocity  with  whick-they  ftrike  againft  it  *.  Thefe  Ratios  muft  now  be 
determined. 

The  Number  of  Patricks  follows  the  Ratio  of  the  Denfity  of  the  Air  ;  as 
alfo  the  Ratio  of  the  Velocity  of  the  Wave ;  for  the  fwifter  this  is,  the  Ihorter 
is  the  Time  in  which  the  fame  Number  of  Particles  a<fts  upon  the  Ear, 
and  the  greater  is  the  Number  of  the  Particles  acting  at  the  fame  Time. 
The  Number  of  thefe  Particles  alfo  follows  the  Ratio  of  the  Space,  run 
through  by  the  Particles  in  going  and  coming  *  for  the  greater  the  Space 
is,  the  more  the  Particles  remote  from  the  Drum  of  the  Ear  run  againft 
it.  Laftly  this  Number  follows  the  inverfe  Ratio  of  the  Breadth  of  the 
Wave  *,  becaufe  the  Percufiions  of  the  fame  Particles  are  the  lefs  frequent, 
the  broader  the  Waves  are. 

The  Square  of  the  Velocity,  with  which  all  the  Particles  a<ft,  follows 
the  Ratio  of  the  Square  of  the  Velocity  of  the  Wave.  Of  the  Square  of 
the  Space  run  through,  in  going  and  coming.  Laftly  the  inverfe  Ratio 
of  the  Square  of  the  Breadth  of  the  Wave. 

When  the  Velocity  of  the  Wave  is  not  changed ,  the  inverfe  Ratio  of  the 
Breadth  of  the  Wave  is  the  dir  eft  Ratio  of  the  Number  of  Waves ,  running 
againft  the  Ear  in  a  determinate  "Time  ;  fuppofing  equal  Waves  to  follow 
one  another,  fuch  as  are  the  Waves,  which  are  generated  by  the  continued 
Agitation  of  a  Fibre. 

The  Ratio  compounded  of  all  the  Ratios  mentioned  is  the  Ratio  com¬ 
pounded  of  the  Ratio  of  the  Denfity,  the  Ratio  of  the  Cube  of  the  Velo¬ 
city,  the  Ratio  of  the  Cube  of  the  Space  run  through  in  going  and  com¬ 
ing,  and  the  inverfe  Ratio  of  the  Cube  of  the  Breadth  of  the  Wave. 

If  wefet  a  fide  the  Acceleration  mentioned  in  N.  2305.  (which  does  not 
alter  the  Velocity  with  which  every  one  of  the  Particles  is  moved,  which 
only  is  treated  of  here.)  The  Cube  of  the  Velocity  follows  the  fefquipli- 
cate  dire Ratio  of  the  Elafticity  and  the  fefquiplicate  inverfe  Ratio  of  the 
Denfity  *. 

Therefore  the  two  firft  Ratios  mentioned  are  reduced  to  the  fefquiplicate 
Ratio  of  the  Elafticity,  and  the  Inverfe  fubduplicate  Ratio  of  the  Denfity. 
But  the  Elafticity  is  as  the  comprefTing  Weight*,  which  follows  the  Ratio 
of  the  Height  of  the  Mercury  in  the  ‘ Torricellian  Tube. 

Therefore  in  general,  the  Intenfity  cf  Sound  is  dir  eft  ly  as  the  Square  Root 
of  the  Cube  cf  the  Height  cf  the  Mercury  in  the  Torricellian  Tube ,  as  the 
Cube  of  the  Spue  run  through  in  going  and  caring,  and  as  the  Cube  of  the 
Number  cf  Waves,  running  againft  the  Ear  in  a  determinate  Time,  and  in - 
verfely  as  the  Square  Root  of  the  Denfity. 
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Part  II.  Of  Fire. 


CHAP.  viii. 

Of  the  Properties  of  ’  Fire  in  general. 

THE  Philofophers  know  a  few  Properties  of  Fire,  yet  many 
Things  relating  to  itare  conceal’d  from  them.  I  fhall  not 
invent  Hypothefes,  but  fhall  lay  together,  in  as  good  Order  as  I 
can,  fuch  general  Things  about  it  as  appear  to  me  to  be  deduc’d 
from  Experiments. 

The  intimate  Nature  of  Fire  is  unknown ;  but  wherever  we  find 
Beat  and  Light ,  we  fay  that  there  is  what  we  call  Fire. 

Therefore  in  order  to  inquire  into  the  Properties  of  Fire,  we 
muft  examine  fuch  Bodies  wherein  we  difcover  one  or  the  other  of 
thefe  Tokens  of  the  Prefence  of  Fire. 

For  we  do  not  every  where  find  both  thefe  together ;  in  feveral 
hot  Bodies  we  can  perceive  no  Light ;  neither  in  feveral  light  Bodies 
can  we  difcover  any  Heat.  But  whether  there  be  really  fuch  a  Se¬ 
paration,  we  fhall  examine  hereafter 

We  fhall  alfo  fee,  though  perhaps  it  cannot  be  fully  demon- 
flrated,  that  Heat  and  Light  proceed  from  the  fame  Caufe>  which, 
notwithflanding,  there  is  no  Body  can  doubt . 

Fire  penetrates  into  all  Bodies ,  however  denfe  and  hard  ;  at  the 
fame  Time  alfo  Heat  is  communicated  into  their  inward  Parts. 

Fire  unites  itfelf  to  Bodies ;  for  that  which  flays  in  the  Surface, 
is  alfo  transfer’d  with  the  Bodies. 

We  fhall  fee  alfo  that  Fire  is  attracted  by  Bodies  at  a  certain  Di- 
fiance . 

Moreover,  we  have  no  Knowledge  of  any  Bodies  but  what  contain 
Fire  in  them . 

Yet  Fire  does  not  enter  into  all  Bodies  with  the  fame  Eafe  \  which 
is  to  be  attributed  to  feveral  Caufes,  not  known.  It  appears  by 
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Experiments  that  when  the  Denlity  is  increas’d  the  Heat  is  dimi- 
nifh’d,  and  the  Ingrefs  becomes  more  difficult. 

j the  Fire  contain'd  within  Bodies ,  is  kept  there  by  the  Bodies  that 
fur  round  them. 

That  Fire  moves  appears  from  what  we  now  demonftrate,  and 
that  it's  Motion  is  exceeding  fwift>  is  manifeft  from  that  moft  vio¬ 
lent  Agitation  which  is  caus’d  in  Bodies,  by  the  Action  of  Fire. 

When  the  Heat  of  Bodies  is  increas’d,  the  Bulk  of  them  is  in¬ 
creas'd  too  ;  and  therefore  they  are  dilated  or  fwell’d  by  the  Action 
of  Fire.  But  upon  the  Increafe  of  the  Dilatation  there  are  often 
Parts  feparated  from  the  Bodies ,  which  mutually  repelling  one  ano¬ 
ther  by  the  Adlion  of  the  Fire,  form  an  elaftick  Fluid ,  into  which 
whole  Bodies  are  oftentimes  turn’d  by  the  Adlion  of  Fire. 

But  if  this  Motion  in  Bodies,  by  which  they  are  dilated,  be  in¬ 
creas’d,  the  Effedl  of  it  is  chang’d ;  and  the  Parts  of  the  fluid  Bo¬ 
dies,  not  yet  feparated,  are  fenfibly  agitated  with  a  very  violent 
Motion  ;  and  the  Parts  of  the  folid  Bodies,  which  are  not  fo  fub- 
tile,  will  be  feparated  from  the  adjacent  ones. 

Which  Motions  neverthelefs  are  often  to  be  attributed  to  the  Ac¬ 
tion  of  fubtile  Particles  moved  by  the  Fire,  and  penetrating  the 
Pores  of  the  Bodies. 

For  that  there  are  fubtile  Parts ,  diftindl  from  Fire ,  which  pene¬ 
trate  Bodies  by  the  Adlion  of  Fire ,  is  evident  from  the  Increafe  of 
the  Weight  of  fome  Bodies  by  the  Adlion  of  Fire  :  Since  Fire 
itfelf  has  no  fenfible  Weight . 
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CHAP.  IX. 

Some  general  Things  concerning  Heat  and  Light . 

WE  have  already  obferv’d  *  that  Heat  and  Light  are  the 
Tokens  of  the  Prefence  of  Fire  ;  we  fhall  therefore  often 
fpeak  of  them,  and  general  Things  relating  to  them  muft  be  taken 
Notice  of  firft  of  all. 

Fhe  Heat  in  a  Body  muft  be  diftinguifhed  from  the  Heat  which  we 
feel ;  for  that  is  the  Adlion  of  the  Fire  upon  the  Body,  which  is 
faid  to  be  hot,  from  whence  the  Parts  of  the  Body  receive  a  certain 
Motion,  by  which  a  Motion  is  communicated  to  fome  Parts  of  our 
Body,  which  is  united  with  the  Perception  of  the  Heat. 
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But  Heat,  with  regard  to  usy  is  nothing  elfe  but  that  Perception  ; 
and  all  that  is  in  the  hot  Body,  is  only  the  Motion  arifing  from  the 
Adtion  of  the  Fire. 

Lhe  Light  which  arifes  from  Bodies  moves  in  right  Lines ,  and  thofe 
Bodies  from  which  it  arifes  are  call’d  lucid  Bodies. 

When  Light  enters  into  our  Eyes,  it  moves  the  fmall  Fibres  at 
the  Bottom  of  the  Eye ;  by  which  Motion  the  Perception  of  Light 
is  produc’d  in  our  Mind  $  and  this  Perception  with  regard  to  us  is 
Light ;  but  in  regard  to  Bodies,  Light  is  that  which  they  emit  into 
our  Eyes. 

What  has  been  obferv’d  in  general  concerning  the  Senfations  *, 
mull  alfo  be  refer’d  to  Heat  and  Light. 

That  the  Motion  of  Light  is  in  right  Lines,  appears  from  it’s 
being  flopp’d  by  an  Obftacle. 

But  that  fuch  a  Motion  is  not  requir'd  in  Heat ,  and  that  the  Fire 
which  is  mov'd  in  different  Lines  excites  a  greater  Heat ,  appears  from 
the  Augmentation  of  this,  whilft  the  Parts  of  Bodies  are  fubjedt 
to  different  Motions. 

All  hot  Bodies  do  not  fliine,  as  we  daily  obferve ;  but  we  can¬ 
not  conclude  from  thence  that  they  have  no  Light.  For  very  often 
a  fmall  Light,  which  we  do  not  perceive,  will  be  very  fenfible  to 
other  People  ;  this  depending  upon  the  Conftitution  of  the  Eyes. 
From  whence  it  follows,  that  there  may  be  Light,  though  not 
perceiv’d,  becaufe  of  the  too  fmall  Quantity  which  the  lucid  Body 
emits. 

In  like  Manner  the  Heat  in  a  Body  may  be  fo  leflen’d,  as  to  be 
imperceptible  to  us ;  for  it  often  happens  that  a  fmall  Heat,  which 
does  not  at  all  affedt  us  at  one  Time,  will  do  fo  very  fenfibly  at 
another  Time :  And  therefore  we  cannot  affirm  that  no  Heat  is  in 
lucid  Bodies,  becaufe  we  do  not  obferve  any. 

Therefore  it  is  uncertain  whether  Heat  and  Light  can  ever  be 
feparated . 

But  that  thele  are  very  often  united,  there  is  no  Body  doubts. 
But  whether  both  Heat  and  Light  are  juftly  faid  to  be  the  Tokens 
of  the  Prefence  of  Fire,  that  is,  whether  we  can  afcribe  to  the  fame 
Caufe  thefe  two  different  Phenomena,  fo  as  to  entirely  remove  all 
Scruples,  cannot  be  determin’d  ;  yet,  notwithftanding,  the  two 
following  Confiderations  feem  to  fliew  that  there  is  a  Poffibility  of 
determining  this  Queftion.  " 

In  the  firft  Place,  there  are  many  hot  Bodies y  which ,  when  their  Heat 
is  encreas'd ,  do  emit  Light  5  and  to  do  this  there  is  only  requir’d  an 

V  o  l.  XI,  K  increafe 


65 

2410. 

2411. 

2412. 


2413- 

2310. 

2414. 

2415. 


2416. 


24 17. 


2418. 

2419. 


2420. 


\ 


Mathematical  Elements  Book  IV. 


2421. 


2422. 


2423. 

2424. 


Increafe  of  the  Heat ;  and  upon  the  leflening  of  this  •  the  Light 
ceafes.  Red  hot  Iron  emits  Light,  but  when  the  Heat  is  diminifh’d 
no  Light  can  be  perceiv’d.  Smoak,  as  we  fhall  fee  prefently,  is  turn’d 
into  Flame,  when  it’s  Heat  is  increas’d. 

Secondly,  In  the  Sun's  Rays  there  is  a  very  intimate  Union  between 
the  Heat  and  Light .  Thofe  Bodies  which  reflect  a  great  Quantity 
of  Light*  grow  hot  but  flowly ;  but  thofe  which  a  greater  Quan¬ 
tity  of  Light  penetrates  into,  acquire  Heat  fafter ;  and  whilft  the 
Light  penetrates  the  Body,  it  does  not  always  communicate  to  it  a 
fenfible  Light  together  with  the  Heat,  which  yet  often  happens. 

Many  calcin’d  Stones,  after  they  have  been  expos’d  to  the  Sun’s 
Light,  fhine  in  the  dark,  which  Light  continually  decreafes,  and 
at  laft  difappears  5  but  it  is  reftor’d  again  by  a  new  Adtion  of  the 
Sun’s  Rays,  and  that  feveral  Times.  Which  fame  Property  has 
been  obferv’d  in  other  Stones,  without  any  Preparation ;  not  only 
when  they  have  been  expos’d  diredtly  to  the  Rays  of  the  Sun*  but: 
if  they  have  only  been  for  fome  Time  expos’d  to  the  Light  of  the; 
Day,  in  a  Place,  to  which  the  Sun’s  Rays  do  not  come  diredtly. 

In  all  thefe  the  Light  is  not  communicated  without  Heat  and 
in  the  Cafes  in  which  this  is  weak,  the  Light  communicated  is  alfb 
weak  ;  but  in  other  Cafes  Bodies  acquire  Heat,  without  any  fenfi¬ 
ble  Light,  by  the  fame  Adtion  of  the  Sun’s  Light,  let  this  be  ever 
fo  vivid. 

But  in  the  Moon's  Light ,  which  proceeds  from  the  Sun,  there 
cannot  by  any  Art  be  difcover'd  any  Heat  yet  there  is  nothing  to  be 
gather’d  from  thence  that  Light  and  Heat  are  diftindt.  The  Sun's 
Light ,  reflected  by  the  Moony  which  comes  to  usy  is  very  weak. 

When  the  Moon  is  view'd  with  a  Telefcope,  fome  Particles  ap¬ 
pear  more  lucid  than  the  reft  of  the  Surface  ;  but  all  thofe  join’d 
make  but  a  final!  Portion  of  the  Surface  illuftrated.  Thefe  more 
lucid  Particles  do  not  refledt  all  the  Light,  which  comes  to  them  y 
whence  it  appears  that  the  Light,  refledted  from  the  other  Parts  of 
the  Surface  of  the  Moon,  is  very  much  diminifh’d.  If  to  this  we 
add  that  a  great  Part  of  the  Surface  of  the  Moon  appears  obfcure, 
it  will  be  manifeft,  that  the  Moon  refledts  only  a  fmall  Part  of  the 
Light,  which  comes  to  it  from  the  Sun.  This  Light,  thus  already 
weaken’d,  is  difpers’d  before  it  reaches  us,  whereby  it  is  again  di¬ 
minifh’d  almoft  fifty  thoufand  Times.  Yet  this  very  Light  is  per¬ 
ceiv’d  by  the  wonderful  Strudture  of  our  Eyes  5  if  the  Heat  were 
leflen’d  fo  much,  who.  wou’d  affirm  that  it  ever  can  produce  any  fen- 
fible  Effect  ? 
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CHAP.  X. 

Of  the  Dilatation  arijing  from  Heat . 

WE  have  already  laid  that  Bodies  are  dilated  by  Heat  *  ;  but  *  24030 
as  this  Dilatation  always  increafes  with  the  Heat,  and  this  2425- 
being  leffened,  is  leflen’d,  it  forms  a  new  Token  of  the  Prefence  of 
Pi  re ,  which  is  more  certain  than  thofe  mention'd  before  *  j  for  we  *  2393. 
can  meafure  the  Dilatation,  when  at  the  lame  Time  the  various 
Perceptions  of  Light,  or  Heat,  can  fcarcely  be  compar’d  together. 

It  is  evident,  by  Experiments,  that  Bodies  are  dilated  by  Heat.  2426. 

Experiment  i. 

The  Aperture  of  the  Copper  Ring  AB  is  circular,  and  it’s  Dia-  2427. 
meter  is  an  Inch  and  an  half ;  and  this  is  the  Diameter  of  the  folid  Pl.77.Fa» 
Ball  G,  which  is  made  of  the  fame  Metal  5  this  can  pafs  through 
the  Aperture,  without  leaving  any  fenlible  Interftice.  When  the 
Globe  is  heated  it  is  fuftained  by  the  Ring,  in  whatever  Polition 
it  is  laid ;  which  Experiment  alone  Ihews  that  Bodies  dilate  every 
Way.  b 

It  may  be  obferv’d  daily,  that  Fluids  are  dilated  by  Heat,  in  the  2428« 
fame  Manner  as  Solids ,  in  Thermometers,  which  are  well  known 
Inftruments,  made  of  Glafs. 

Two  fuch  Inftruments  are  reprefented  at  AG,  and  DC;  they  PI.77.F.20 
are  made  of  a  Ball  G,  or  better  of  a  Cylinder  C,  with  a  Tube 
join’d  to  it,  as  AB,  or  DE ;  they  are  fill’d  with  tinged  Spirit  of 
Wine,  or  fome  other  Fluid,  which  does  not  lofe  it's  Fluidity  by 
Means  of  Cold. 

Experiment  2. 

A  finall  Heat,  communicated  to  the  Ball,  caufes  a  fenfible  Ex-  2429. 
panlion  in  the  Tube. 

If  we  make  Ufe  of  Mercury,  the  denfeft  of  Fluids,  the  Dilata-  2430. 
tion  is  more  regular ;  but  the  Tube  muft  be  narrower,  becaufe  this 
Fluid  dilates  lefs. 

Thefe  Inftruments  are  applied  to  Frames,  and  the  Dilatations  2431» 
are  compar’d,  by  Means  of  Divifions  difpos’d  along  the  Tube. 

But  it  is  uncertain,  whether  thefe  Inftruments  can  fhew  the  Degree  2432. 

of  Heat,  although  they  fhew  the  fmalleft  Alterations  of  Heat,  That 
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‘  '  is,  the  Relation  between  the  Alteration  in  the  Expanfion  and  the 

Alteration  in  the  Heat,  is  not  enough  known,  that  the  Degrees  of 
Heat  may  be  compar’d  together,  from  comparing  the  Dilatations. 

2433.  If  the  Ball  G  becomes  hot  on  a  fudden,  or  the  Cylinder  C,  the 
Fluid  immediately  defeends  in  the  Tube  ;  but  it  afeends  immedi¬ 
ately  after. 

Experiment  3. 

2434.  Boiling  Water  is  pour’d  into  the  VelTel  V;  the  Ball  G  of  the 
PI  77.F.3.  Thermometer  is  immediately  immerg’d  into  it  •>  and  the  Fluid  that 

very  Moment  defeends  from  c  to  d  ;  but  it  immediately  returns  to 
e  and  higher  :  Then  if  the  Ball  be  not  fuddenly  taken  out  of  the 
Water,  the  Spirit  of  Wine  will  rife  to  the  Top  of  the  Tube,  and 
break  the  Glafs  by  it’s  greater  Expanfion. 

The  Reafon  of  this  Phenomenon  is  as  follows. 

By  the  hidden  Heat,  applied  to  the  Glafs,  it  is  dilated,  before 
the  Heat  penetrates  into  the  Fluid  contain’d  in  the  Glafs ;  therefore* 
the  Fluid  defeends  by  Reafon  of  the  Increafe  of  the  Capacity  of  the 
Glafs ;  but  the  Heat  is  immediately  communicated  to  the  Fluid  ; 
which  therefore  afeends.  ■ 

2436.  From  the  Expanhon  of  Bodies  it  is  evident,  that  the  Particles * 
of  which  Bodies  confjl ,  acquire  a  repellent  Force  from  the  ASlion  of 
Fire ,  by  which  they  endeavour  to  recede  from  one  another ,  and  which 
aCts  contrary  to  that  Force  by  which  the  Particles  come  towards 
*  j2,  each  other  *.  So  long  as  this  laft  Force  exceeds  the  other,  the 
Particles  cohere  more  or  lefs,  according  to  the  different  Degree  of 
Heat.  When  the  repellent  Force  is  nearly  equal  to  the  attractive 
Force,  the  Particles,  which  were  before  intimately  join’d,  fcarcely 
cohere,  yield  to  any  Impreflion,  and  are  eafily  mov’d  one  amongft 
another,  if  this  be  not  prevented  by  another  Caufe  ;  in  this  Cafe  a 
243  7.  fiUd  Body  is  chang'd  into  a  Fluid  by  Heat  which  we  may  obferve 
of  all  Bodies  that  are  melted  by  Heat,  and  return  to  their  firft  State 
when  the  Heat  is  diminifh’d. 

24 3 8.  dt  is  a  Queftion  whether  all  Fluidity  is  not  owing  to  Heat?  But 
this  cannot  be  determin'd  ;  becaufe  we  know  of  no  Body  that  is  en¬ 
tirely  without  Fire  in  it.  This  is  certain,  that  Heat  is  not  only  the 
Caufe  of  the  Fluidity  in  melted  Metals,  Wax,  and  fuch  like  Bo¬ 
dies  ;  but  feveral  Bodies,  which  are  commonly  reckon’d  amongft 

2439.  Fluids,  proceed  only  from  Heat  :  Thus  Water  is  melted  Ice ;  for 
when  Part  of  the  Heat  of  the  Water  is  gone,  it  grows  fixed. 
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Heat  may  be  fo  increas’d,  that  in  feme  Bodies  the  whole  attract-  2440» 
ing  Force  of  the  Particles  may  be  overcome  by  the  repellent  Force  •, 
in  which  Cafe  the  Particles  fly  from  each  other  5  that  is,  they  acquire 
an  elaftick  Force,  which  is  like  that,  which  the  Particles  of  Air  *  2096* 
have  *;  (which  alfo  is  increas’d  in  the  Air  by  Heat  j)  we  obferve 
this  Effed  in  Smoke  and  Vapours. 


Experiment  4. 

Take  an  hollow  Brafs  Ball  E,  of  about  four  Inches  Diameter,  2441, 
with  an  Handle  M;  this  Ball  has  a  Pipe  T  with  a  Hole  of  hardly  PI.77.F.4 
the  twentieth  Part  of  an  Inch.  Let  this  Ball  be  heated,  and  the 
Air  in  it  will  expand  itfelf  *,  and  come  out  through  the  Pipe ;  *  2428. 
then,  immerging  the  Ball  in  cold  Water,  the  Air  will  be  again 
condenfed  by  the  Cold,  and  the  Water  will  go  into  the  Ball,  by  the 
Prefliire  of  the  Atmofphere  upon  it’s  Surface. 

If  this  Ball,  thus  partly  fill’d  with  Water,  be  laid  upon  the  Fire,  2442.* 
the  Moment  that  the  Water  is  chang’d  into  Vapours,  thofe  Va¬ 
pours  will  go  out  through  T ;  but  if  the  Heat  be  increas’d,  fo  as 
to  make  the  Water  boil  violently,  the  Vapours,  comprefs’d  in  the  ■*. 

upper  Part  of  the  Ball,  will,  by  their  Elafticity,  endeavour  to  re¬ 
cede  from  each  other  every  Way,  and  rufh  violently  out  of  the  Pipe* 

Such  an  Inftrument  is  call’d  an  JEolipile . 

The  following  Experiment  fhews  a  more  lenfible  Effed  of  the 
Elafticity  of  Vapours,  , ,  ,  « 


Experiment  5. 

Take  the  Ball  E,  which  is  alfo  of  four  Inches  Diameter,  made  2444^ 
thicker  than  the  Ball,,  made  Ufe  of  in  the  foregoing  Experiment,;  Pl#  Iy,F. 3* 
and  let  it  be  join’d  to  Rollers  or  little  Wheels,,  as  is  represented  in  * 
the  Figure.  In  it’s  upper  Part  a  fquare  Box  T,  open  forwards  at 
#,  is  join’d  to  it.  In  the  Middle  of  this  Box  there  is  a  Separation, 
and  the  hind  Cavity  communicates  with  the  Cavity  of  the  Balk 
This  Separation  has  a  Hole  in  the  Middle  of  it  of  about  f  of  an 
Inch  Diameter.  This  Hole  is  ftopt  up  with  a  Copper  Pin,,  which 
goes  through  two  Holes,  as  L,  in  the  Sides  of  the  Box,  and  ap¬ 
plies  itfelf  to  the  abovemention’ d  Separation,  and  as  the  Figure  of 
the  Pin  is  fomewhat  conical,  if  it  be  drove  in  with  x  Hammer,,  it 
will  exadly  ftop  the  Hole.  • 

Take  this  Ball  off  of  the  Rollers  or  little  Wheels  ;  then  let  it  be  244  5V 
heated,  and  in  Part  fill’d  with  Water,  as  in  the  foregoing  Experi¬ 
ment.  Let  the  Ball  be  again  put  upon  the  Fire,,  ’till  the  Water. 

i  boilsr 
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!?oils,  then  fhut  the  Hole,  and  let  the  Ball  remain  upon  the  Fire  a 
littkTwhile,  that  the  Vapour  may  be  accumulated.  Now  join  the 
Ball  to  the  Wheels,  and  open  the  Hole,  and  the  Vapour  will  fly 
out  violently  one  Way,  whilft  the  Ball  is  carried  the  contrary  Way. 
2446.  The  Vapour,  being  very  ftrongly  comprefs’d,  endeavours  to  re¬ 
cede  equally  every  Way,  and  therefore  oppofite  Preffures  deftroy 
one  another ;  but  when  the  Hole  is  open’d,  the  Vapour,  which 
goes  out,  does  not  prefs ;  therefore  the  Preffure  one  Way  being 
taken  off,  that  which  afts  in  a  contrary  Direction  prevails,  and 
the  Ball  is  mov’d  along. 

A  Sky-Rocket  rifes  up  into  the  Air,  becaufe  the  Gun-powder, 
being  fet  on  Fire,  is  turn’d  into  an  elaftic  Fluid,  and  it’s  Parts  en¬ 
deavour  to  recede  every  Way :  As  the  Pipe,  or  Cafe  of  it  is  open 
at  one  End,  it  is  lefs  prefs’d  that  Way,  and  confequently  at  the 
other  End,  the  Preffure  prevails,  and  carries  up  the  Rocket. 

2448.  To  the  fame  ABion  of  Fire ,  whereby  Parts  are  feparated  by 
Means  of  Dilatation,  we  may  alfo  refer  the  Separation  of  Parts, 
which  conftitute  the  elafiic  Fluid ,  proceeding  from  Bodies ,  by  Means 
2119.  of  Putrefaction ,  Fermentation ,  and Effervefcence  *.  For  this  Sepa¬ 
ration  is  always  accompanied  with  Increase  of  Heat,  even  in  cold 
Effervefcences  themfelves. 


2447. 


2449. 
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Experiment  6. 

To  twelve  Parts  of  Water  add  one  Part  of  Oil  of  Vitriol ;  this 
Mixture  acquires  Heat,  which  lafts  but  a  little  while  ;  then  pour 
it  into  the  Glafs  V,  which  is  laid  upon  the  Plate  G  of  the  Air- 
pump. 

To  the  fame  Plate  we  apply  the  finall  Brafs  Plate  AB,  which 
we  faften  to  the  fmall  Pipe,  through  which  the  Air  is  exhaufted  *, 
whofe  Screw  goes  through  a  Hole  at  B. 

To  this  Plate  is  join’d  the  Cylinder  C,  which  fuftains  another 
Plate  L,  which  is  alfo  of  Copper,  and  is  fo  bent,  as  to  be  fur- 
rounded  on  one  Side  with  a  Groove  i,  making  a  Portion  of  a  Cir¬ 
cle,  whofe  Center  is  in  the  Middle  of  the  Hole  h  ;  this  Groove  is 
clos’d  behind,  as  appears  at  y,  and  is  fill’d  with  Sal  Ammoniack, 
reduc’d  to  a  Powder. 

The  Thermometer  D  is  put  into  the  Glafs ;  this,  together  with 
it’s  Paper  Scale,  which  is  join’d  to  it,  is  inclos’d  in  a  Glafs  Tube, 
and  reprefented  diftindtly  in  Fig.  3.  PI.  81 ;  there  is  alfo  another 
Thermometer  E  made  ufe  of,  which  has  a  Stand.  All  thefe  are 
cover’d  with  the  Receiver  R,  which  is  clos’d  with  the  Cover  O. 

To 


Chap.  1 1 . 


To  the  Cover  is  join’d  the  Collar  of  Leathers  P  *,  whofe  Brafs  Wire  * 
sty  or  ST,  goes  through  the  Hole  h,  and  fits  it  exa&ly.  To  the 
fame  Wire  is  join’d  the  Plate  F,  whofe  Part  »,  when  the  Wire  is 
pufh’d  down,  reaches  to  the  Bottom  of  the  Groove.  But  the 
Wire  is  fo  difpofs’d,  that  if,  by  turning  the  Handle,  the  Plate  F 
be  agitated,  it  will  not  touch  the  Sal  Ammoniack,  which  fills  the 
Groove  $  but  by  deprefling  M,  the  Prominence  n  feparates  a  Part 
of  the  Sal  Ammoniack  in  the  fore  Part  of  the  Groove  from  the  reft. 

The  Air  is  exhaufted  from  the  Receiver  R,  and  by  turning  the 
Handle  M,  the  Sal  Ammoniack,  in  the  fore  Part  of  the  Groove,  is 
thrown  into  the  Glafs  V.  There  is  immediately  caus’d  a  great  Ef~ 
fervefcence,  which  is  increas’d,  by  feparating  fome  more  Sal  Am¬ 
moniack  in  the  Groove,  and  throwing  it  into  the  Glals  again  in  the 
lame  Manner  as  before. 

During  this  Effervefcence  the  following  Obfervations  are  to  be 
made  •>  i.  That  the  Mercury  in  the  Thermometer  D  is  deprefs’d ; 
whence  it  appears  that  the  Effervefcence  is  cold,  though  moft  of 
them  are  hot.  2.  That  the  Mercury  in  the  mercurial  Gage  of  the 
Air-pump  delcends ;  which  demonftrates  the  Generation  of  an 
elaftic  Fluid.  3.  Laftly  that  we  difcover  by  the  Thermometer  E, 
in  which  the  Murcury  afcends,  that  the  Separation  of  Parts  is  made 
with  Heat. 

We  make  the  Experiments  in  a  Vacuum,  that  the  Phenomena 
may  be  the  more  fenfible. 
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C  H  A  P.  XL 

Of  the  Fire  contain  d  in  Bodies ,  where  we  Jhall  fpeak 

of  Electricity. 


WE  have  already  faid  that  Fire  is  contain’d  in  all  Bodies 
known  to  us  *.  And  this  we  find  to  be  fo,  becaufe  we  * 
every  where  find  Fire ;  for  there  are  no  folid  Bodies  round  the 
whole  Surface  of  the  Earth,  but  what  may  be  made  hot  by  rub¬ 
bing  5  but  what  is  demonftrated  in  the  following  Chapter,  does 
more  evidently  prove,  that  there  is  Fire  every  where  throughout 
the  Surface  of  the  Earth ;  roiz.  that  Heat  is  communicated  from  a. 
Body  which  is  hot,  to  another  near  it,  which  has  not  fo  much. 
Heat :  From  whence  it  follows,  that  if  there  be  any  without  Fire,, 
and  fo  without  Heat,  it  will  immediately  receive  Heat  from  the 
neighbouring  Bodies. 


2452. 
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There  are  feveral  very  remarkable  Phenomena,  which  are 
aferib’d  to  the  Fire  contain’d  in  Bodies ;  fome  of  which  ought  to 
be  mention’d  here :  Amongfl  which  there  are  fuch  as  have  a  near 
Relation  to  Electricity  ;  for  which  Reafon  we  mull  alfo  treat  of  the 
Phenomena  of  EleCtricity. 


Def  ini  t  ion. 

■ 

"453*  £ leSlricity  is  that  Property  of  Bodies ,  by  which  when  they  art 

heated  by  Attrition ,  they  attract  and  repel  light  Bodies  at  a  fenfiblt 
Difiance. 

gjrA.  Many  Philofophers  thought  that  very  few  Bodies  had  this  Pro- 
perty  ;  but  it  is  now  manifelt  that  moll  Bodies  have  it,  though 
unequally,  and  in  a  different  Manner.  Many  furpriling  Things 
concerning  this  Property  have  been  difeovered  in  England  and 
France :  but  to  treat  of  this  Matter  wou’d  lead  us  from  our  Pur- 
pofe  5  I  lhall  only  mention  a  few  Experiments,  made  above  thirty 
Years  ago  in  England ,  to  make  manifell  the  Connexion  between 
the  Caufe  of  Eledricity  and  Fire,  if  thefe  two  ought  really  to  be 
dillinguilh’d  ;  later  Experiments  confirm  my  Conclufions. 

Exper  iment  i. 

^  .  -  -  A  Glafs  Tube  15  or  1 8  Inches  long,  and  of  above  one  Inch  in 
Diameter  is  rubb’d  with  a  dry  Hand,  or  with  a  dry  linen  cloth, 
and  Light  is  perceiv’d ;  this  follows  the  Hand,  and  does  not  re¬ 
main  in  the  Tube  itfelf,  but,  at  a  fmall  Diftance  from  it,  in  the 
Body,  with  which  the  Tube  is  rubb’d. 

When  we  ceafe  to  rub  the  Tube  no  Light  is  perceiv’d  ;  but,  if 
any  Body  be  mov’d  along  the  Tube  a  fmall  Diftance  from  it,  not 
exceeding  a  Quarter  of  an  Inch,  a  faint  Noife  is  heard,  and  fparks 
of  Fire  emitted  as  it  were  out  of  the  Glafs  with  a  Noife,  appear 
upon  the  Surface  of  this  Body.  If  the  Body  be  again  carried  along 
the  Tube,  nothing  of  this  is  obferv’d,  without  the  Tube  is  firft 
.  rubb’d  again. 
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PI.  78. 
Fig.  2. 


Experiment  2. 

This  Tube  by  being  rubb’d,  acquires  a  very  fenfible  Electricity  ; 
for  if  light  Bodies,  fuch  as  Leaf  Gold  and  Soot,  be  laid  upon  a 
Plane,  and  the  Tube  be  brought  near  to  them,  they  will  be  put  in 
Motion,  attracted,  and  repell’d,  and  driven  feveral  Ways  by  the 
Tube. 


1  ^ 


I 


; 


*  r  ■  ' 

'  '3v;.  •  • 

v 

■  .  < 


, 


, 

. 


■ 


* 


' 


. 


. 

. 


. 


Chap.  it.  of  Natural  Philofophy. 

If  a  Body,  at  a  fmall  Diftance  from  the  Tube,  be  mov’d  along 
it,  a  Noife  is  heard,  as  in  the  foregoing  Experiment,  and  the  Elec¬ 
tricity  ceafes,  which  is  reftor’d  again  by  Fri&ion. 

A  MACHINE, 

Whereby  Glafs  Globes  are  fwiftly  whirl'd  about . 

In  the  following  Experiments  Glafs  Globes  are  fwiftly  whirl’d  2459. 
about.  Such  a  Globe  is  reprefented  at  Gj  the  two  oppolite  Parts  PI.79.F.1, 
of  it  are  cylindrical ;  one  of  which  is  open,  and  both  thefe  Promi¬ 
nences  are  furrounded  with  the  Copper  Ferreis  a  and  b.  A  Cock 
e  muft  be  fcrew’d  on  to  the  Ferrel  at  the  open  Part  of  the*Globe; 
and  the  oppolite  Brafs  Cylinder  muft  have  a  little  Wheel  r,  of 
about  two  Inches  Diameter,  join’d  to  it,  with  a  fmall  Brafs  Axis 
ftanding  out  $  there  is  juft  fuch  another  Piece  of  Brafs  fcrew’d  on 
to  the  Cock,  fo  that  it  may  be  taken  on  and  off  at  pleafure.  Thefe 
Axes  go  into  the  Pillars  S  T,  that  fupport  the  Globe,  and  which 
have  the  Holes  cy  c,  in  them,  to  receive  the  Axes,  upon  which 
the  Globe  turns. 

The  Pillars  ST  ftand  upon  a  ftrong  horizontal  Board,  at  lead:  an  2460* 
Inch  and  an  half  thick,  framed  into  three  other  Boards  E,  F,  I. 

Between  the  foremoft  is  fulpended  the  Wheel  R,  which  is  turn’d 
round  by  the  Handle  M.  Between  F  and  I  is  plac’d  the  crofs 
Piece  H,  to  make  the  Machine  the  firmer. 

The  Pillar  S  may  be  fattened  in  either  of  the  three  Places,  2461, 
z,  /,  i  ;  the  Tail  of  it,  which  has  a  Screw  upon  it,  goes  through 
the  Board,  that  an  outward  Screw,  which  is  fcrew’d  on  by  a 
Key,  may  be  join’d  to  it  under  the  Board,  a  thin  Plate  of  Eon 
being  firft  put  between,  that  the  Wood  may  receive  no  Damage  ; 
which  that  it  may  be  done  conveniently,  the  Board  E  is  cut  at 
/,  /,  /.  In  the  fame  Manner,  the  other  Pillar  T,  which  moves  in 
a  Slit,  is  fattened  under  the  Board,  by  Means  of  a  Screw ;  for  this 
Motion  is  neceffary,  when  the  Globe  is  to  be  applied  to  the  Ma¬ 
chine  or  remov’d  from  it.  This  Slit  is  four  or  five  Inches  long  5 
becaufe  the  Globes,  which  we  make  Ufe  of  in  the  Experiments* 
are  not  all  equal.  There  muft  be  three  fuch  Slits,  to  anfwer  ta 
the  Holes,  /,  /,  i. 

By  the  Wheel  R  the  Globe  G  is  fwiftly  whirl’d  about ;  becaufe 
the  Rope,  which  goes  round  the  Wheel  R,  goes  alfo  about  the 
finall  Wheel  r. 
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At  the  Side  of  the  Board  D,  there  is  a  Slit  at  n ,  along  which 
the  Pulley  t  moves,  as  is  reprefented  feparately  at  N  $  this  Pulley 
coheres  with  the  Screw  d ,  by  Means  of  which  it  is  mov’d  along 
the  Slit,  whereby  the  Rope  is  ftretched  that  goes  about  the  Wheels 
R  and  r,  which  Rope  alfo  goes  about  a  Pulley  fix’d  under  the 
Board,  as  is  reprefented  at  M,  the  fix’d  Pulley  is  q. 


Experiment  3. 

2463.  Apply  a  Glafs  Globe  of  about  eight  or  nine  Inches  Diameter,  to 
PI.79F.2.  the  Machine  above-mention’d,  and  let  it  be  brifkly  whirl’d  in  a 
dark  Place,  the  Hand  all  the  while  being  held  againft  it,  to  give  it 
Attrition. 

If  the  Globe  be  exhaufted  of  it’s  Air,  it  will  appear  all  lumi¬ 
nous  within,  but  moftly  fo  where  the  Hand  touches  the  Glafs. 


Experiment  4. 

2464,  But  if  the  Globe  has  Air  in  it,  and  being  whirl’d  in  the  faitte 
Manner,  the  Hand  be  applied  to  it,  no  Light  appears,  either  in 
the  inner  or  outer  Surface  of  the  Glafs ;  but  Bodies  at  a  fmall  Di- 
ftance  from  the  Glafs  (as  for  Example  at  a  Quarter  of  an  Inch,  or 
nearer)  become  luminous ;  and  fo  only  thofe  Parts  of  the  Hand 
held  againft  the  Glafs,  which  terminate,  or  rather  environ  the 
Parts  that  immediately  touch  the  Globe,  are  luminous,  as  was  faid 

f  2455.  of  the  Tube 

Experiment  5.* 

2465.  We  make  Ufe  of  four  Iron  Pillars,  fuch  as  we  have  mention’d  *  5 
P1.79.F.3.  two  of  them  are  faftened  in  the  fide  Holes  /,  i ;  the  two  others  in 
*  2460.2461.  the  correfponding  Slits.  The  two  Glafs  Globes  G,  and  H,  are 

applied  to  the  .Board,  which  are  turned  about  by  one  Rope  only, 
but  it  is  longer  than  that  which  was  ufed  in  the  foregoing  Expe¬ 
riments.  The  Globe  H  has  Air  in  it,  G  is  exhaufted  the  fmalleft 
Diftance  between  the  Globes,  is  equal  to  a  Quarter  of  an  Inch.. 
The  Globes  being  whirl’d  about  in  the  Dark,  if  the  Hand  be  ap¬ 
plied  to  the  Globe  H,  and  there  is  a  Fridtion,  the  other  Globe  G 
becomes  lucid,  and  the  Light  is  of  the  Figure,  reprefented  here. 
If  the  Motion  of  the  laft  Globe  be  diredted  towards  the  contrary 
Part,  the  Figure  of  the  Light  is  turned  the  other  Way  ;  but  it  re¬ 
mains,  whether  the  Motions  of  both  Globes  confpire,  or  are 
contrary». 
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t. 


/ 


75 


Chap.  ii.  of  Natural Philofophy. 

When  the  Fridtion  is  left  off,  but  the  Motion  is  continued,  it 
often  happens,  that  the  Light  continues  fome  Time,  before  it 
difappears. 

Experiment  6. 

We  makeufe  of  the  fame  Globe  alfo  here,  which  we  ufed  in  2466, 
the  third  and  fourth  Experiments ;  and  it  is  applied  to  the  Machine  Pl.^g.F,  u 
in  the  fame  Manner,  that  it  may  be  whirl’d  about :  The  upper 
Part  of  the  Globe  is  furrounded,  at  the  Diftance  of  about  four 
Inches  from  the  Globe,  with  a  Brafs  Wire  mpo>  circularly  bent 
in  the  upper  Part,  and  whofe  Ends  are  fattened  in  the  Board.  Small 
Threads  are  tied  to  it,  which  being  extended  towards  the  Center 
of  the  Globe,  come  within  a  Quarter  of  an  Inch  of  the  Surface  of 
the  Globe. 

Whirl  the  Globe  and  apply  the  Hand,  and  immediately  the 
Threads  will  be  mov’d  irregularly  by  the  Agitation  of  the  Air * 
but  when  the  Glafs  is  heated  by  the  Attrition,  all  the  Threads  are 
directed  towards  the  Center  of  the  Globe,  as  may  be  feen  in  the 
Figure :  And  if  the  Hand  be  applied  a  little  on  one  Side,  the  Threads 
will  be  directed  obliquely  to  another  Point  in  the  Axis, 


Experiment  7. 

If  the  Air  be  drawn  out  of  the  Globe  this  Effedt  ceafes. 
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Experiment  8. 

Take  another  Globe  different  from  that,  with  which  the  fore-  2468. 
going  Experiments  were  made.  In  this  Experiment  the  Aperture  PI.79.F.4. 
of  the  Globe  G  mutt  be  larger  5  that  you  may  put  into  it  a  round 
flat  Piece  of  Wood  0 ,  that  has  a  Brafs  Wire  q  joined  to  it.  In 
order  to  fix  this  Piece  of  Wood  in  the  Middle  of  the  Globe,  the 
Wire  is  fcrew’d  on  to  the  Cover,  which  is  applied  at  h  to  the 
Aperture  of  the  Globe,  the  Cock  e  is  joined  to  the  Middle  of  the 
Cover. 

To  the  Circumference  of  the  Wooden  Circle  0  fmall  Threads 
are  fatten’d,  which,  being  extended,  almoft  touch  the  inner  Sur¬ 
face  of  the  Globe. 

Apply  the  Globe  to  the  Machine  before-mention’d  *,  and  turn  * 
it  round  ;  and  rub  it,  as  was  done  in  the  former  Experiments :  The 
Globe  being  heated  by  the  Fridtion,  if  you  ceafe  to  whirl  the 
Globe,  and  the  Hand  be  taken  off*,  the  Threads  will  immediately 
flretch  themfelves  out  like  Radii  from  the  Center  towards  the  Sur¬ 
face  of  the  Globe  $  yet  they  hardly  remain  one  Moment  at  Reft, 

L  2  and 
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and  though  the  Globe  be  exactly  fhut,  thefe  Threads  are  put  in 
Motion  by  the  Agitation  of  the  outward  Air,  as  appears  by  blow¬ 
ing  againft  the  Globe,  though  you  ftand  two  Foot  off,  or  farther, 
from  the  Globe.  If  you  bring  your  Finger  towards  the  Globe, 
though  you  do  not  touch  it,  the  Threads  next  to  it  will  be  at¬ 
tracted  by  the  Finger,  and  directed  towards  it ;  nay,  and  fome- 
times  they  fly  from  it.  If  you  apply  the  Hand  to  the  Globe,  the 
Threads  will  be  mov'd  violently  and  irregularly. 

Experiment  9. 

2469.  And  if  the  Air  be  drawn  out,  as  in  the  foregoing  Experiment, 
the  EffeCt  ceafes,  and  the  Threads  (both  before  and  after  the  Fric¬ 
tion)  only  hang  down  by  their  Gravity.  If  only  Part  of  the  Air 
be  taken  out,  the  EreCtion  of  the  Threads,  and  their  Agitation, 
take  Place. 

2470.  If  we  attend  to  all  the  foregoing  Experiments,  the  following 
Concluflons  feem  to  be  naturally  deduc'd  from  them,  which  we 
do  not  give  out  as  certain,  but  very  probable  3  for  we  muft  always 
diftinguifh  Certainty  from  Probability. 

2471.  That  Glafs  contains  in  it>  and  has ,  about  it's  Surface ,  a  certain 

*  2 45 7  ’/q 6 6 ‘  Atmofphere,  which  is  excited  by  FriBion  *,  and  put  into  a  vibratory 

2400.  M0ti0n  .  for  it  attracts  and  repels  light  Bodies  -f*.  The  fmalleft 

T  2 45 7*  Parts  of  the  Glafs  are  agitated  by  the  Attrition,  and  by  Reafon  of 
their  Elafticity,  their  Motion  is  vibratory,  which  is  communicated 
to  the  Atmofphere  above-mentioned  ;  and  therefore  that  Atmo- 
fphere  exerts  it’s  ACtion  the  further,  the  greater  Agitation  the  Parts 
of  the  Glafs  receive  when  a  greater  Attrition  is  given  to  the  Glafs. 

The  AClion  of  this  Atmofphere  produces  other  Effects  alfo  j  for 
to  the  FriCtion  alone,  arifing  from  this  ACtion,  we  ought  to  at¬ 
tribute  the  Light,  which  appear’d  in  the  exhaufled  Globe,  in  the 

*  2465.  fifth  Experiment  *,  there  being  no  vifible  FriCtion. 

2472*  The  Fire ,  contain'd  in  the  Glafs ,  is  expell’d  by  the  ABion  of  this 
Atmofphere ,  at  leaft  it  is  mov'd  with  it.  For  when  light  Bodies  are 
put  in  Motion  at  a  Diftance  from  the  Glafs 3  the  Bodies  alfo  become 

^  24?6  2467  uc^  at  a  Liftance  *. 

2  Ay  7  *  ^  *s  P^dn,  that  this  Atmofphere  and  Fire  is  more  eajily  mov'd  in  a 

'  Place  void  of  Air  :  For  if  the  Globe  be  exhaufled  of  it's  Air, 
there  can  be  perceiv’d  no  Light,  nor  any  ACtion  of  EleCtricity  on 

»2463. 2467.  the  Outfide  of  the  Globe  *,  but  the  Infide  of  the  Globe  appears 
very  luminous,  and  this  Fire  is  perceiv'd  to  be  in  greater  Quantity 
in  this  Experiment,  than  in  that  immediately  after  mention’d  *. 

2474»  But  the  ACtion  of  the  EleCtricity  does  alfo  ceafe  on  the  Infide 

when 
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when  the  Air  is  drawn  out  *,  which  feems  to  overthrow  what  we  *  2469. 
faid  of  the  more  eafy  Motion  of  the  Atmofphere  in  Vacuo  :  But 
yet  it  is  not  probable  that  it  {hou’d  move  no  whither  in  this  Cafe* 

On  the  contrary,  it  feems  to  go  the  fame  Way  as  the  Fire,  and  to 
move  that  Way  where  there  is  the  leaft  Refiftance  ;  and  that  the 
ceafing  of  the  Acftion  of  Eledtricity  is  to  be  attributed  to  the  want 
of  Air,  by  Means  of  which,  the  Threads  are  mov'd  by  the  Atmo -  2475, 

Jphere ;  in  the  fame  Manner,  as  Fire,  which  freely  penetrates  all 
Bodies,  by  Means  of  the  Vapour  *,  or  the  Air ,  (for  there  is  110*2442.2446. 
Explofion  of  Gunpowder  without  Air)  ads  upon  them  violently. 

But  laying  alide  Conjedures,  though  they  have  a  great  many  Ex¬ 
periments  for  their  Foundation,  let  us  return  to  other  Things  relat¬ 
ing  to  Fire.  But  feveral  Experiments  are  to  be  made  in  Vacuo,  in 
which  Fridion  is  requir’d,  which  muft  be  made  with  the  following 
Machine. 

A  M  A  C  H  I  N  E, 

Whereby  Bodies  are  whirl'd  round  fwiftly  in  V acuo* 

G  is  the  Plate  of  the  Air-pump  *,  upon  this  is  laid  the  crols  24 76, 
Piece  of  Copper  ADB,  which  is  fatten'd,  by  a  Screw  which  goes  PI.  80. 
through  the  Hole  v>  whereby  the  Pipe  is  join’d  to  the  Plate,  PL  81» 
through  which  the  Air  is  exhaufted  -f*.  This  crofs  Piece  is  fo  diF-  Fig.  1. 
pos’d,  that  the  Hole  /  may  anfwer  to  the  Hole  in  the  Middle  of*  2143» 
the  Plate  G*$  for  which  Reafon  there  is  below  the  crofs  Piece  a*f*  2152. 
fhort  Cylinder,  ftanding  out,  which  goes  into  the  Hole  of  the*  2154* 
Plate. 

Into  this  Hole  of  the  Plate,  underneath,  is  put  the  Collar  of  24.77 
Leathers  whofe  Cover  is  d  *.  To  this  is  join’d  the  Copper  Plate  ^  2 1  cc 
nn ,  to  which  the  fmall  Pillars  0,  0,  made  of  the  fame  Metal, 
adhere. 

Thefe  being  thus  join’d  together,  we  put  the  Axis  gab  through  2478. 
the  Hole  /,  and  through  the  Collar  of  Leathers.  It’s  Part  a  b  is 
thicker  than  the  reft  of  it,  and  has  a  Screw  upon  it  \  the  Part  f  is 
fmaller  and  cylindrical  \  the  Leathers  in  the  Collar  furround  this* 
and  during  the  turning  about  of  the  Axis,  thefe  Leathers  hinder  the 
Air  from  getting  in. 

To  this  Axis  atg,  where  it  is  fquare,  is  join’d  the  little  Wheel  ry  ,, 
which  is  fatten’d  by  Means  of  the  Screw  h .  This  Wheel  is  dode- 
cagonal,  the  Sides  being  a  little  hollow’d,  that  the  Angles,  whofe 
Sharpnefs  is  taken  away,  may  ftand  out  the  more  ;  the  Dodecagon 
is  inclos’d  between  two  thin  round  Plates,  which  are  prominent 
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every  Way,  that  the  Rope,  of  which  I  fliall  fpeak  afterwards,  may 
be  kept  in  it's  Place. 

The  fmall  Plate  i  /,  is  applied  to  the  Pillars  0 ,  0 ,  and  kept  there 
by  the  Screws  y,  y y  this  Plate  fuftains  the  Axis,  whofe  End  z  goes 
into  the  Cavity  k. 

Upon  the  crofs  Piece  A  D  B  ftand  the  two  Pillars  C,  C,  which 
fuftain  the  Plate  H,  H,  which  is  faften’d  with  the  Screws  m>  m . 
In  the  Middle  of  this  Plate  there  is  a  Piece  with  a  Hole  in  it,  to 
receive  the  End  q  of  the  Axis  fo  often  mention’d. 

To  the  Plate  AB  of  the  crofs  Piece  are  applied  the  fmall  Plates 
T,  T,  upon  which  ftand  the  elaftic  Plates  EF,  E  F.  The  Plates 
T,  T,  are  faftened  by  Means  of  the  Screws  ey  e ,  ey  e ,  going  through 
Slits  in  the  Plates  into  the  Holes  x,  x,  xy  x  •  and  by  this  Method 
the  Plates  may  be  faftened  at  different  Diftances  from  the  Axis. 

The  Parts  hitherto  mentioned  are  of  Copper,  and  are  fufEcient, 
when  Experiments  are  to  be  made,  in  which  there  is  required  a 
fwift  whirling  about  of  the  Axis,  and  a  greater  Fridtion.  The  Axis 
then  goes  through  the  Body,  which  is  to  be  whirled  about,  and  the 
Bodies,  by  which  it  is  to  be  rubbed,  are  joined  to  the  Plates  EF, 
EF,  as  will  be  explained  more  diftindtly  in  the  particular  Experi¬ 
ment. 

All  this  Apparatus  is  covered  by  the  Receiver  R  *,  and  the  Air 
is  exhaufted.  The  Rope  is  put  about  the  little  Wheel  r,  and  wooden 
Handles  are  joined  to  the  Ends  of  it,  which  are  held  in  the  Hand. 

The  Rope  being  now  ftretched,  if  the  Hands  be  moved  alter¬ 
nately  5  the  Axis  will  turn  firft  one  Way  and  then  the  other. 


ADDITIONS 

T ?  the  foregoing  Machine ,  when  a  more  violent  Friction,  or  a  Motion 

for  a  longer  Fime,  is  required . 


2483. 


2484. 


In  thefe  Cafes  a  Wheel  muft  be  applied  to  the  Machine. 

To  the  Sides  of  the  Box,  which  contains  the  Air-Pump,  are  ap¬ 
plied,  and  faftened  with  Screws,  Boards  three  Inches  broad,  whofe 
Thicknefs  appears  at  K  and  K.  To  thefe  are  joined  the  fmaller 
Boards  L,  L,  to  which  is  applied  the  Board  I  I,  in  the  Middle 
of  which  there  is  a  fmall  Brafs  Pipe,  through  which  the  Axis 
of  the  Wheel  Q_  pafles ;  the  other  End  of  this  Axis  goes  into  a  like 
Pipe,  which  is  faftened  to  the  folid  Wooden  Piece,  which  ftands 
upon  the  Bottom  of  the  Box,  and  is  faftened  with  Screws. 

The  fmaller  folid  Wooden  Pieces  N,  N,  are  joined  to  the  Boards 
K,  K  3  through  thefe  folid  Pieces  go  the  Iron  Tails  of  the  Wooden 

I  Pulleys 
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Pulleys  t,  t-,  s.  Part  of  which  Tails  is  Iquare,  and  Part  of  them 
makes  a  Screw.  The  Rope  goes  about  the  Wheels  Qjmd  r,  and 
pafles  over  the  Pulleys  t,  t,  between  which  the  Rope  is  horizontal  j 
but  one  of  the  Pulleys  is  raifed  a  little  higher  than  the  other.  The 
Rope  is  ftretched,  by  turning  the  Screws  c,  c. 

By  turning  round  the  Wheel,  the  Axis  is  fwiftly  whirled  about, 
though  there  is  a  great  F riftion  between  the  Body  whirled  about 
and  the  others,  which  are  joined  to  the  Plates  EF,  EF.  The  Rope 
in  this  laft  Cafe  mult  be  ftretched  more. 


2485; 


Experiment  io. 

Take  a  Glafs  Globe  of  three  Inches  Diameter,  or  two  Inches  2486, 
and  an  half,  which  has  a  Hole  at  each  Side*  the  Parts  where  the  Plate  80, 
Holes  are  may  be  cylindrical.  The  Axis  ab*  is  put  through  thefe  *  2478^ 
Holes,  that  the  Globe  may  be  whirled  about ;  the  Parts  of  the 
Globe,  where  the  Openings  are,  are  covered  with  the  Cork  sy  5,  PI.81.F.1: 
and  it  is  fattened  by  Means  of  the  Screws  O,  O.  The  loweft  of 
thefe  is  fattened,  by  a  fmaller  Screws,  which  goes  into  the  Hole  by 
the  Globe  is  fattened  by  turning  the  upper  Screw. 

The  folid  Pieces  of  Wood  S  S,  are  joined  to  the  Plates  E  F,  E  F, 
and  are  furrounded  with  Paper  *  thefe  folid  Pieces  are  applied  clofe- 
ly  to  the  Globe,  and  fattened  by  the  Screws  ey  ey  ey  e. 

Every  thing  elfe  being  difpofed,  as  has  been  faid  in  the  Defcrip- 
tion  of  the  Machine,  the  Air  mutt  be  exhaufted  from  the  Re¬ 
ceiver  ■*.  '  *  2482, 

The  Globe,  being  thus  fattened,  together  with  it’s  Axis  in  Va¬ 
cuo,  is  fwiftly  whirled  about,  by  the  Motion  of  the  Wheel  Q,  and 
there  is  a  Fri&ion  *  2484^ 

If.  the  Experiment  be  made  in  the  Dark,  the  Globe  will  appear  2487, 
lucid ;  and  the  Motion  being  continued,  that  the  Globe  may  be 
heated  by  the  Fri&ion,  the  Light  is  indeed  increafed,  but  then  it 
is  obferved  to  be  fixed  in  the  Places  where  the  Friction  is. 

It  follows  from  this  Experiment,  that  the  Fire,  contained  in  Glafs ,  2488,. 

does  not  want  Airy  to  make  it  appear ;  for  the  Glafs  grows  hot,  and 
Alines,  the  internal  and  external  Air  being  taken  away. 

The  like  Experiments  may  be  made  with  other  Bodies. 


Experiment  ii. 

That  Quickfilver  contains  Fire  is  plain,  from  Experiments.  For  24.80- 
if  Mercury  well  cleaned  be  Aiaked  about  in  a  Glafs,  it  will  appear 
luminous,. 
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Experiment  12. 

The  Light  is  more  fenfible  in  a  Place  void  of  Air. 

If  you  put  a  fmall  Quantity  of  Mercury  into  a  Glafs  Globe  5  the 
Globe  may  be  whirled  round,  as  has  been  explained  before  *,  which 
will  be  delightful  to  fee,  if  the  Glafs  be  moved  flowly. 

The  Globe,  that  has  the  Mercury  in  it,  is  exhaufted  by  joining 
to  it  a  Pipe  about  two  Foot  long,  and  by  joining  the  other  End  of 
the  Pipe  underneath,  to  the  Hole  in  the  Middle  of  the  Plate  of  the 
Air-Pump 

Then  if  you  cover  both  that  Hole  and  the  Hole  through  which 
the  Air  is  drawn  out  with  a  Receiver,  put  upon  the  Plate  mentioned, 
the  Air  will  be  eafily  drawn  out  of  the  Globe. 


Experiment  13. 

2402.  A  fmall  Quantity  of  Mercury  well  cleanfed  is  poured  into  the 
PI  81.F.2. Glafs  Bottle  A;  the  Air  is  drawn  out,  and  the  Bottle  is  exadtly 
*  clofed  with  a  Glafs  Stopple.  If  this  is  fliaked  about  in  the  Dark, 
the  Mercury  will  appear  luminous. 

24Q3.  In  order  to  exhauft  the  Bottle,  it  is  laid  upon  the  Plate  of  the  Air- 
Pump  *  it  is  covered  with  a  Receiver  open  at  Top,  and  the  Aper¬ 
ture  is  clofed  with  a  Cover,  to  which  a  Collar  of  Leathers  is  join- 
*  2 155.  ed  *.  To  the  Brafs  Wire,  which  goes  through  the  Collar  of  Lea¬ 
thers,  is  joined  a  Box,  which  is  filled  with  foft  Wax,  into  which 
the  upper  Part  of  the  Stopple  is  thruft.  The  Stopple  is  fuftained 
by  the  Cohefion  of  the  Wax,  and  is  fo  ordered  as  to  anfwer  to  the 
Mouth  of  the  Bottle. 

The  Air  is  taken  out  of  the  Receiver.  The  Brafs  Wire  is  thruft 
down,  and  the  exhaufted  Bottle  is  clofed,  the  Air  is  admitted  into 
the  Receiver,  and  the  Stopple  is  preffed  tight. 


pi  other  End  is  fcrewed  to  the  Air-Pump  that  the  Air  may  be  drawn 

1  ^  out  from  the  Glafs  Receiver  R  laid  upon  it.  The  Pipe,  through 
which  the  Air  is  drawn  out,  muft  ftand  up  beyond  the  Plate  in  the 
Receiver  about  four  or  five  Inches,  be  bent,  and  have  a  fmall  Hole 
in  it ;  which  muft  be  taken  Care  of,  for  Fear  any  Mercury  fhould 
get  into  the  Air-Pump. 

The  Middle  of  this  Plate,  has  a  Brafs  Pipe  B,  which  has  a  fmall 
Glafs  Tube  within  it  5  the  lower  Part  of  the  Brafs  Pipe  which  is 

fhut, 


Experiment  14. 

Take  a  Brafs  Plate  O,  and  fcrew  on  to  it  the  Pipe  E  E,  whofe 


■  * 


. 


* 


. 
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(hut,  comes  down  almoft  to  the  Bottom  of  the  Vefiel  V,  that  con¬ 
tains*  very  clean  Mercury :  There  is  an  Hole  in  the  Side  of  the  Pipe, 
exadtly  fhut  by  the  Pin  A ;  there  is  a  Glafs  Tube  at  at  the  upper 
End  of  the  Pipe  B,  {landing  out,  which  goes  into  the  Veffel  Pv,  and 


has  a  fmall  Aperture. 

The  Height  of  the  Receiver  R  is  about  fixteen  Inches,  and  it’s 
Diameter  four  Inches;  pump  the  Air  out  of  it,  and  then  open  the 
Hole  in  the  Side  of  the  Pipe  B,  and  the  Mercury  will,  by  the 
Preffure  of  the  external  Air,  violently  enter  the  Pipe,  and  fpout  up 
through  the  Glafs  Tube,  and  ftrike  againft  the  Top  of  the  Receiver 
R  with  great  Force. 

The  Experiment  muft  be  made  in  a  dark  Place,  and  the  Mercu¬ 
ry  will  appear  luminous. 

Mercury,  if  Metal  is  not  mixed  with  it,  may  be  well  cleanfed 
by  the  following  Method.  We  put  the  Mercury  in  an  open  Vef¬ 
fel  together  with  Water  and  white  Sope  upon  the  Fire;  when  the 
Water  boils  up  violently,  the  Mercury  is  moved  about  with  fmall 
Rods ;  then,  by  repeating  the  Lotions  with  hot  Water,  the  Mercu¬ 
ry  is  cleanfed  from  the  Greafinefs  of  the  Sope;  then  it  muft  once  or 
twice  pafs  through  a  Paper  Funnel,  whofe  Spout  is  fmall :  This 
dries  the  Mercury,  and  clears  it  of  all  the  Dregs. 

Many  hard  Bodies  emit  Light  by  being  rubbed. 


2495* 
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Experiment  15. 

Take  two  Pieces  of  Chryftal  and  rub  them  together ;  they  im¬ 
mediately  become  luminous ;  but  the  Light  is  more  vivid,  where 
the  Contact  is. 


^497- 


Experiment  16. 

If  the  well  known  chymical  Preparation  of  Urine,  which  is  249 S. 

called  Phofphorus ,  be  kept  in  Water,  and  then  you  take  out  fome 
of  it,  and  roll  it  up,  fo  as  to  make  a  kind  of  Pencil,  with  which 
you  write  upon  a  Piece  of  Paper,  the  Letters  will  appear  all  Fire, 
if  you  put  the  Paper  in  a  dark  Place.  When  you  take  the  Phof¬ 
phorus  itfelf  out  of  the  Water,  it  will  grow  hot  and  fmoke ;  all 
which  (hews,  that  the  Phofphorus  contains  a  great  Quantity  of  Fire 
in  it. 

In  this  Experiment  we  may  obferve  that  Water  affs  fenjibly  upo?i  2499. 
the  Fire  contained  in  the  Phofphorus ;  for  it  keeps  it  in ,  fo  long  as  the 
Phofphorus  is  covered  with  the  Water  ;  but  as  foon  as  the  Water 
is  taken  away,  the  Heat  and  Smoke  immediately  fhew  that  the 
Fire  ifliies  out  of  the  Phofphorus. 
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CHAP.  XII. 

Of  the  weaker  Motion  of  Fire ,  where  we  Jhall  fpeak  of 

the  Communication  of  Heat. 

T/T7E  ob ferve  a  three-fold  Motion  in  Fire . 

*  *  The  firft  is  that  by  which  Heat  is  communicated,  and  Bo¬ 
dies  dilated,  without  any  Separation  of  their  Parts,  or  Change  of 
their  Order;  this  muft  be  treated  of  in  this  Chapter. 

The  fecond,  which  differs  only  from  the  firft  in  Degree  of  In- 
tenfity,  is  that  by  which  the  Parts  of  Bodies  are  diffolved,  or  move, 
amongft  themlelves ;  we  fhall  confider  this  in  the  following  Chapter. 

The  third  and  laft  is,  that  it  moves  in  ftrait  Lines,  as  we  difco- 
ver  in  Light;  of  which  I  fhall  fpeak  in  the  next  Book. 

.  One  hot  Body  communicates  Heat  to  another y  which  is  not  fo  hot ,  up¬ 
on  their  mutual  Application ,  but  lofes  fome  of  it's  Heat  in  the  Adlion . 

From  whence  we  gather*  that  the  Fire  moves  until  there  happens 
to  be  an  Equilibrium  between  the  Adtions  of  adjacent  Bodies :  And 
in  that  Cafe  we  fay  the  Degrees  of  Heat  are  equaL 

It  follows  from  that  Equilibrium,  that  however  different  the  ad¬ 
jacent  Bodies  are ,  thefe  a£l  in  the  fame  Manner  upon  Thermometers . 

Experiment  r. 

If  a  Thermometer  be  fufpended  in  the  Air  above  the  Surface  of 
any  Fluid,  it  will  have  the  fame  Degree  of  Heat  as  a  Thermome¬ 
ter,  which  is  immerfed  in  the  Fluid,  whether  it  be  Water*  any 
Oil,  Spirit  of  Wine,  or  any  other  Fluid. 

But  this  Equilibrium  in  the  Adtions  of  the  Fire  contained  in  dif¬ 
ferent  Bodies  will  not  happen  till  after  fome  Time. 

We  further  deduce  from  this  Equilibrium,  that  in  all  Bodies  the 
Heat  is  equally  difperfed  throughout  them». 

As  alfo  we  fee  why  Bodies  feparated  and  furrounded  with  Air,  or 
any  other  Fluid,  through  which  the  Heat  is  equally  difperfed,  do 
acquire  equal  Degrees  of  Heat. 


Experiment  2. 

25  it.  We  make  ufe  of  two  Cylinders  A  and  B,  the  firft  of  Marble*  the 
PI.81.F.4.  fecond  of  Wood.  They  are  hollowed  cylindrically  in  the  Middle 
in  fuch  Manner,  that  Thermometers  may  be  put  into  the  Hollows  of 

i  them  * 
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them  ;  we  made  ufe  of  the  fmall  ones  cy  d \  mentioned  above  and  * 

one  of  which  is  reprefented  in  Fig,  3. 

After  the  Thermometers  are  put  in,  the  Apertures  of  the  Cavities 
are  clofed ;  the  Stopple  ay  of  the  Cylinder  A,  is  of  Marble,  the  o- 
ther  b  is  of  Wood ;  by  putting  Wax  round  all  Communication  with 
the  external  Air  is  cut  off. 

We  make  ufe  of  a  third  Thermometer  alfo  EF,  which  has  alfo 
been  mention’d  above  * ;  this  is  put  between  the  Cylinders.  * 

The  Heat  of  the  Air,  furrounding  the  Bodies,  being  alter’d,  the 
Thermometer  EF  immediately  fhews  the  Alteration  3  if  the  Tem¬ 
per  of  the  Air  remains  the  fame,  the  Thermometer  d  will  (hew  the 
lame  Degree  of  Heat  ;  if  it  be  continued,  c  will  be  difpofed  in  the 
fame  Manner. 

I  have  always  obferv’d,  the  Alterations  to  be  thus  fucceffive,  and 
laftly  equal,  for  many  Months. 

It  is  moreover  manifeftfrom  hence,  why  the  Steam  of  the  Sur¬ 
face  of  boiling  Water,  included  in  a  Veffel,  has  the  fame  Degree  of 
Heat  as  the  Water;  and  why  the  Heat  is  not  increafed  when  the 
Vapours  are  accumulated ;  and  not  diminifh’d,  when  even  a  great 
Quantity  of  Fire  goes  outof  a  givenHole  along  with  the  hot  Vapours, 

We  have  faid  that  Bodies  of  the  lame  Heat  adt  in  the  fame  Man¬ 
ner  upon  the  Thermometer,  and  this  happens,  becaufe  of  the  fmall 
Quantity  of  Liquor  contain’d  in  the  Thermometer ;  thefe  Addons 
do  not  fenfibly  change  the  Heat  of  the  Bodies. 

But  in  many  other  Cafes  Bodies  equally  hot  do  not  a5i  after  the  fame 
Manner  upon  the  fame  Body ;  neither  in  different  Bodies,  encom- 
palfed  by  the  fame  Fluid,  equally  hot  every  where,  will  the  Heat 
become  equal  to  the  Heat  of  the  Fluid  itfelf  in  the  fame  Time ;  as 
we  have  feen  in  the  laft  Experiment. 

Whence  it  follows  that  fome  Bodies  are  more  difficult  to  be  heated 
than  others ,  and  that  from  a  twofold  Caufe :  For  the  Parts  of  all 
Bodies  are  not  mov’d  with  the  fame  Eafe,  and  Fire  enters  fome  with 
more  Difficulty  than  it  does  others. 

It  is  manifeft,  that  in  Heat  there  is  requir’d  a  certain  Agitation 
of  the  Parts  of  a  Body;  becaufe  upon  increafing  the  Heat,  this  Agi¬ 
tation  becomes  fenfible  :  But  the  Parts  of  Bodies  are  different,  and 
thefe  in  different  Bodies  do  not  only  differ  in  Denfity  but  Cohefion 
too ;  and  therefore  the  Agitation  cannot  be  communicated  to  them 
with  the  fame  Eafe ;  confequently  unequal  Addons  of  Fire  are  re¬ 
quir’d  to  the  Communication  of  equal  Degrees  of  Heat :  And  the 
Heat  is  not  proportional  to  the  Quantity  of  Fire . 
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Experiment  3. 

If  a  Perfon  puts  both  his  Hands,  when  they  are  equally  hot,  one 
upon  Wood,  and  the  other  upon  Marble,  both  equal  in  Bulk,  and 
equally  hot,  but  the  Heat  of  which  is  fenlibly  lefs  than  that  of  the 
Hands  3  the  Hand,  which  lies  upon  the  Marble,  will  lofe  more 
Heat,  and  communicate  a  lefs  Degree  of  Heat  to  the  Marble,  than 
that  Degree  which  the  Wood  has  acquir’d  from  the  Hand  laid  up¬ 
on  it,  which  does  not  lofe  fo  much  Heat.  Thefe  Things  are  fo 
fenlible,  as  to  require  no  other  Meafure. 

It  is  alfo  manifeft  from  Experiments  that  Fire  does  not  penetrate 
all  Bodies  with  the  fame  Eafe .  This  is  what  we  have  obferv’d  al¬ 
ready  as  likewife  that  the  hotter  the  Body  is ,  the  more  eafily  will 
Fire  penetrate  into  it.  A  burning  Speculum  produces  a  lefs  Effed:, 
that  is,  refleds  a  lefs  Quantity  of  Fire  when  it’s  Heat  is  increafed 3 
which  is  a  Sign  that  there  is  a  great  Quantity  of  the  adventitious 
Fire  that  enters  into  the  Speculum  and  there  flays. 

Alfo  the  Effed  of  this  Speculum  is  diminifh’d,  when  the  Sun’s 
Rays  pafs  through  the  Air  which  has  been  already  heated  by  them  $ 
and  this  fhews  that  Fire  enters  hot  Air  in  a  greater  Quantity  than  k 
does  cold  Air. 

Fhofe  Bodies  which  are  the  mofi  difficult  to  heat ,  preferve  their  Heat 
the  longeft ,  whilft  they  communicate  Heat  to  lefs  hot,,  adjacent 
Bodies. 

When  a  Body  gives  Heat  to  flich  Bodies  as  are  near  it,  the  Parts 
in  it’s  Surface  lofe  fome  of  their  Heat,  to  which  Parts  the  Fire  con¬ 
tain’d  within  the  Bodies  does  then  come  3  therefore  the  Diminution 
of  the  Heat  is  fucceflive,.  and  the  central  Parts  keep  their  Heat  the 
longeft. 

Hence  we  fee,  that  a  Body  may  keep  it's  Heat  a  long  Time,  if  it 
he  involv'd  within  other  Bodies  3  and  the  Heat  will  continue  a  lon¬ 
ger  or  fhorter  Time,  according  to  the  Difference  of  the  Bodies  in 
which  it  is  involved. 

This  appears  by  daily  Experience,  and  particularly  is  obferv’d  in 
hot  Water ,  in  which  the  Heat  is  preferv' d  by  the  circumambient  Air., 

ExPER  I'M  ENT  4, 

Take  two  equal  Veffels,  about  three  Inches  high,  and  about  an 
Inch  and  half  wide,  or  lefs.  Put  an  equal  Quantity  of  boiling 
Water  into  each  of  them  3  let  one  of  them  be  fet  upon  the  Air- 
Pump  Plate,  and  exhauft  the  Air  out  of  the  finall  Receiver  put  over 

it 
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it.  Whilft  the  Prefliire  of  the  Air  is  diminishing,  the  Water 
boils  violently,  and  Fire  goes  out  of  it.  For  the  Air  being  let  in, 
we  find  the  water  to  be  warm  ;  whilft  the  other,  which  remain’d 
expofed  to  the  Air  in  the  open  Veflel,  lofes  only  a  little  of  it’s 
Heat 

One  may  obferve  fomething  like  this  in  Wood  that  emits  Light  * 
for  fome  Wood  that  is  rotted  in  the  Ground  emits  Light,,  when  it  is 
taken  out ;  the  Earth  that  encompafs’d  the  W ood  kept  in  the  Fire, 
which  goes  out  when  that  is  remov’d,  and  the  Wood  continues  to 
emit  Light  for  fome  Days.  In  an  exhaufted  Receiver,  the  Light  is 
foon  deftroy’d,  and  is  not  reftor’d  by  the  Re-admiffion  of  the  Air. 

Whilft  Fire  expands  itfelf  every  Way,  and  increafes  the  Heat 
of  adjacent  Bodies,  it  does  not  tend  to  all  Parts  with  the  fame  Eafe  * 
but  if  it’s  Motion  towards  fome  Parts  be  more  difficult,  it  will  be 
increafed  towards  other  Parts  as  may  be  obferv’d  in  a  Plate,  or 
Iron  Cylinder,  having  one  End  red  hot,  and  the  other  no  fenfible 
Heat ;  for  if  the  red  hot  End  be  immers’d  in  cold  Water,  the  other 
End  will  grow  hot. 

The  Fire  which  enters  into  Bodies,  puts  their  Parts  into  Moti¬ 
on  * ;  the  Parts  mov’d  adt  upqn  the  Fire  contain’d  in  them,  and  * 
increafe  the  Motion  of  it  $  therefore,  when  extraneous  Fire  adls  up¬ 
on  a  Body,  the  Heat  thereof  is  not  only  increas'd  by  the  Affiion  of  that 
Fire ,  but  alfo  by  the  Increafe  of  the  Fire  that  was  within  the  Body 
before  ;  great  Fires  confirm  the  Truth  of  this,  and  demonstrate  that 
it  is  fo  in  all  burning  Bodies ;  for  we  can  form  a  Judgment  of  what 
happens  in  finall  Motions,  from  what  is  fenfible  in  great  ones. 

We  fhall  now  Speak  more  particularly  of  that  increas’d  Motion». 
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CHAP.  XII  r. 

Of  the  more  violent  Motion  of  Fire .  TVhere  we  fhall 

fpeak  of  the  Dijfolution  of  Bodies ,  caufed  by  the  Action 
of  Fire . 


WHEN  the  Motion  of  Fire  is  increas’d,  the  Effedt  of  it  is  2533» 
the  turning  of  a  Solid  into  a  Fluid  *,  and  of  this  laft  into  *  2437. 
an  elaffic  Fluid,  as  has  been  feen  *.  But  when  the  Heat  of  the  *  2440»* 
Fluid  is  increas’d,  before  it  is  turn’d  into  an  elaftic  Fluid,  the  Parts 
of  the  Body  itfelf  have  a  moft  violent  Agitation  amongft  one  another, 
fo,  as  to  caufe  the  Fluid  to  boil :  For  performing  which  Effedt,  2534,- 
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the  Action  of  the  Fire  need  be  fo  much  the  lefs  as  the  Fluid  is  kfs 
comprefs'd. 

Experiment  i. 

Pour  warm  Water  into  a  Glafs  Veffel,  and  put  it  on  the  Air-Pump 
Plate ;  cover  it  with  a  Receiver,  exhauft  the  Air,  and  it  will  boil 
violently.  It  is  manifeft  enough  how  the  increafe  of  the  Compref- 
iion  caufes  it  to  boil  with  more  Difficulty. 

And  the  greateft  Degree  of  Heat  that  the  Fluid  can  acquire,  de¬ 
pends  upon  that  Compreffion,  as  may  be  gather’d  from  the  Experi¬ 
ment  above-mention’d  *. 

The  fmall  Parts  of  all  Bodies  are  not  fuch,  that  the  Bodies  be¬ 
come  Fluids  upon  the  leffening  of  the  Cohefion  of  thofe  Parts,  not- 
withftanding  their  being  feparated  from  one  another  by  the  Adtion 
of  the  Fire. 

The  Solution  of  Bodies  when  they  become  Fluids  is  call’d  Fufi- 
on :  And  the  Converfion  into  an  elaftic  Fluid  is  call’d  Evaporation, 
and  Exhalation.  Alfo  the  third  Separation  of  Parts  above  mention’d*, 
is  call’d  the  Combuftion  or  burning  of  Bodies,  and  fometimes  their 
Calcination. 

We  have  already  fpoken  of  Fufion,  Evaporation,  and  Exhala¬ 
tion  *  5  what  has  been  faid,  may  alfo  be  referred  to  Combuftion  and 

Calcination  :  But  their  Difference  muft  be  attributed  to  the  Frame 

% 

of  the  Bodies  themfelves. 

But  what  relates  to  Combuftion  and  Calcination,  is  deduced  from 
what  has  been  faid  about  Heat  *  5  who  does  not  perceive,  that  up¬ 
on  the  Increafe  of  the  Motion  of  the  Parts,  they  muft  at  length  be 
diffolv’d. 

But  before  we  fpeak  of  Combuftion,  the  Parts  themfelves,  fepa¬ 
rated  in  Exhalations ,  muft  be  confider’d. 

Thefe  being  intimately  join' d  with  Fire  fly  off  by  the  Motion  of  the 
Fire ,  Amongft  thefe  the  Particles  of  Water  turn’d  into  Vapour 
are  remarkable  5  which  demonftrate,  that  Fire  and  Water  are  not 
fuch  oppolites,  as  is  commonly  thought  ;  for  the  Fire  adheres  to 
all  the  watery  Particles ,  and  hinders  them  from  joining  with  the 
neighbouring  Particles  ;  but  the  Fire  can  no  way  alter  them  ;  for 
upon  the  abfence  of  that,  they  meet  again,  and  are  reftor’d  to 
Water. 

Vapours  afcend  on  high  through  the  Air,  and  are  fuftain’d  at 
different  Heights,  according  to  the  different  Conftitution  of  the 
Vapours  themfelves  and  the  Air  *.  They  are  often  not  perceiv’d  5 

then 
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then  if  their  Heat  be  diminifh’d,  they  come  nearer  one  another 
and  form  Clouds ;  if  there  is  a  greater  Diffipation  of  Fire  the  Va¬ 
pours  return  again  to  Water,  and  fall  in  Rain. 

We  alfo  obferve  that  Vapours  in  the  Air,  which  were  invifible, 
appear  on  a  fudden,  if  the  Denfity  of  the  Air  be  diminifh’d 
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Experiment  2. 

This  Experiment  may  be  made  with  the  Air-pump,  when  any  2545;. 
Experiment  has  been  made  with  Water  in  Vacuo.  When  the 
Air  is  let  in  the  Vapours  for  the  moft  Part  adhere  to  the  inner  Sur¬ 
face  of  the  Receiver  ;  but  if  the  Glafs  be  clean,  they  immediately 
recede,  if  the  Pump  be  work’d  anew,  to  extradt  the  Air  again  $ 
then  nothing  appears  in  the  Receiver ;  but  if  you  continue  to  ex- 
hauft  the  Air  the  Vapours  become  vifible  y  which  are  taken  out 
with  the  Air,  if  this  be  all  exhaufted. 

There  are  many  Exhalations  different  from  thofe  of  Water  ;  all  2546^ 
thefe,  as  they  are  feparated  from  Bodies  by  the  Adtion  of  Fire, 
contain  a  great  Quantity  of  Fire  ;  and  fome  particularly  confift  of 
Particles,  which  may  be  burnt,  of  which  I  fhall  fpeak  prefen tly. 

What  elfe  belongs  to  this  Matter,  and  is  not  foreign  from  our 
Defign,  has  been  explained  in  the  third  Chapter  of  this  Book. 

The  feparated  Parts  of  moft  Bodies,  that  are  burned,  are  earthy,  2547^ 
watery,  and  oily  or  fpirituous. 

We  call  earthy  Parts  thofe  that  remain  after  the  Body  is  diffolv’d  2548,. 
by  the  Fire,  that  is,  the  Allies,  which  indeed  may  be  hot,  but 
cannot  be  burned. 

We  call  thofe  watery  Parts,  which  are  chang’d  into  Vapours,,  2549. 
and  expell’d  by  the  Adtion  of  the  Fire ;  but  which,  being  colledted 
together,  upon  the  leffening  of  the  Heat,  are  turned  into  Water. 

Laftly  we  call  thofe  Parts  oily  and  fpirituous,  which  are  the  2550,* 
only  Food  of  the  Fire,  by  whofe  Adtion  they  are  diffolv’d,  whilft 
thofe  Parts  increafe  that  Adtion. 

Thofe  Parts  are  fo  diffolv’d  by  the  very  violent  Adtion  of  the  2551,- 
Fire,,  that  there  is  no  forming  a  combuftible  Body  of  them  anew  : 

Then  thefe  are  faidto  be  confum’d  :  But  if  the  Adtion  of  the  Fire  2552,. 
upon  thefe  Bodies  be  lefs  violent,  they  will  indeed  be  turn’d  into  a 
thick  elaftic  Fluid,  which  we  call  Smoke  ;  but  this  is  combuftible,. 
and  when  colledted  together,  forms  a  foft  Body,,  which  is  alfo  ca¬ 
pable  of  burning.. 

When  the  Heat  of  thefe  Parts  is  increas’d  fo  much  that  they  2  £53^ 
burn,  they  will  emit  Light,  and  form  Flame  during  their  Separation 
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from  the  Body ;  fo  that  Smoke  and  Flame  have  no  Difference  but 
in  their  Degree  of  Heat ;  and  Smoke  upon  increafing  it’s  Heat  will 
be  turned  into  Flame,  and  by  that  Means  be  confum’d. 


Experiment  3. 

2 5 54*  Having  blown  out  the  Candle  C,  which  fends  out  the  Smoke 

PI.81.F.5.F,  let  another  lighted  Candle  Abe  brought  near  it  the  Smoke  of 
the  firft  will  be  chang’d  into  Flame,  and  by  thatTVIeans  the  Candle 
C  will  be  lighted,  which  is  fix  or  eight  Inches  diflant  from  the 
other. 

2  5  55*  We  mu]ft  °bferve,  with  regard  to  Flame ,  that  it  has  the  Figure 

of  a  Pyratnid  in  the  Air  :  The  Reafon  is  this  5  the  Flame  is  lighter 
than  the  Air,  and  fo  afcends  but  the  Parts  which  form  it,  are 
conftantly  difpers’d,  with  a  very  violent  Motion,  and  therefore  it 
is  continually  leffen’d,  and  but  a  few  Parts  come  to  the  upper  End 
of  the  Flame,  which  therefore  is  very  flender. 

2 5 56.  Setting  afide  this  Diffipation,  Flame  is  cylindrical :  for  it  con¬ 

tinually  tends  towards  a  fpherical  Figure  ;  but  it  is  carried  upwards, 
and  the  afcending  Parts  are  fupply’d  by  new  adventitious  Parts. 
For  this  Reafon  Flame  may  be  very  much  extended ;  if,  whilft  it 
is  furrounded,  this  Diffipation  is  prevented,  or  at  leaft  diminifh’d. 


Experiment  4. 

2  ^  $  Join  together  four  Candles  at  C,  to  make  the  Flame  the  thicker ;  * 
pltg2,F.i.and  let  it  pafs  through  the  Tube  A B,  which  is  broadeft  at  A,  and 
almoft  a  Foot  long.  The  Flame  will  afeend  above  the  Tube  to 
D  in  fuch  Manner,  that  the  Height  BD  will  want  but  little  of  the 
whole  Length  of  the  Flame,  when  the  Tube  is  laid  afide. 

If,  upon  leffening  the  lateral  Diffipation,  the  Flame  be  left  to 
2558.  itfelf,  which  happens,  when  a  denfer  Flame  is  encompafs'd  by  a  more 
fubtile  Flame ,  the  former  will  extend  itfelf  very  much ,  and  alfo  be 
dilated  laterally . 


Experiment  5. 

2559.  Pour  Spirit  of  Wine  into  the  Brafs  Cylinder  C,  which  is  three 
PI. 8 2. F. 2.  Inches  wide,  and  two  high,  to  the  Height  of  about  three  Quarters 
of  an  Inch.  Put  the  Cylinder  on  the  Fire,  and  fet  the  Spirit  of 
Wine  on  Fire.  Put  a  Piece  of  a  Wax  Candle  into  the  fmall  Pipe 
a ,  an  Inch  high,  which  has  a  bent  Tail  join’d  to  it,  which  Candle 
muft  not  ftand  out  above  the  Pipe.  Light  the  Candle,  and  put  it 
into  the  Flame  of  the  Spirit  of  Wine,  which  then  furrounds  the 
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denfer  Flame  of  the  Wax  ;  this  is  dilated,  and  afcends  higher, 
than  it  wou’d  if  left  to  itfelf. 

The  Exhalations,  which  may  be  burnt,  and  are  therefore  in-  2560. 
flammable,  moftly,  if  not  entirely,  confift  of  the  Food  of  Fire  ; 
which,  by  Reafon  of  the  Fire’s  aCting  already  upon  the  Particles*,  *  2541« 
is  very  eafily  to  be  fet  on  Fire. 

We  fee  this  in  Mines,  in  which  oftentimes,  when  Flame  is  2561. 
brought  near  them,  the  Exhalations  immediately  take  Fire  with  an 
Explofion.  There  is  always  this  Explofion,  when  Flame  is  gene¬ 
rated  on  a  fudden. 

Exhalations  often  take  Fire  of  themfelves ;  which  is  fometimes  2562. 
to  be  attributed  to  the  Sun’s  Rays,  collected  in  pafling  through  the 
Clouds,  or  by  Reflection  from  them.  For  the  Rays  of  the  Sun, 
when  collected  by  convex  Glafles,  or  Specula,  produce  incredible 
Effects,  as  will  appear  in  the  following  Book,  and  the  Clouds  can 
do  fomething  like  this.  Exhalations  may  alfo  be  fet  on  Fire  by  the 
Mixture  of  various  Exhalations,  in  which,  by  the  mutual  Action 
of  the  Particles,  Fire  may  be  very  violently  excited.  Experiments 
lead  us  to  this  Conclufion  ;  for  we  difcover  in  many  Cafes,  a  mu¬ 
tual  Action  of  Particles,  in  the  mixing  of  Bodies,  whereby  Fire  is 
excited. 

TheChymifts  furnifh  us  with  many  Inftances  ;  whereby  it  ap-  2563. 
pears,  that  two  Bodies  which  are  often  very  cold,  by  only  being 
mixt  together,  will  take  Fire  ;  though  they  are  both  Fluids. 

Who  will  deny  that  there  is  fomething  like  this  in  Exhalations,  2564. 
if  he  confiders  that  the  Particles  of  which  Exhalations  confift  exift 
leparate  from  the  Bodies,  becaufe  they  are  mov’d  by  the  ACtion  of 
the  Fire,  which  coheres  with  them  *.  *  2541. 

We  make  fenfible  by  the  Boy  lean  Experiment,  the  mutual  Ac¬ 
tion  of  mixt  Exhalations,  although  lefts  violent. 

Experiment  6. 

We  make  ufe  of  two  Phials,  one  of  which  contains  Spirit  of  25^5* 
Salt,  and  the  other  Spirit  of  Sal  Ammoniac  well  rectified.  When 
thefe  are  open’d,  Exhalations  rife  out  of  them,  but  they  are  invifi- 
ble,  as  long  as  the  Phials  are  at  fome  Diftance  from  one  another ; 
but  if  they  be  difpos’d  in  fuch  Manner,  that  the  Exhalations  may 
be  mixt  together,  they  immediately  become  vifible,  and  afcend, 
having  the  Appearance  of  Smoke. 

The  Exhalations  which  take  Fire  in  the  Air  are  the  Caufes  of  2566« 
feveral  Phenomena  to  thefe  we  muft  attribute  fiery  Meteors,  as 
Lightnings  and  others. 

V  O  L.  II. 
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We  tnuft  now  return  to  what  relates  to  the  Adtion  of  Fire  upon 

Bodies. 

In  Bodies,  that  are  calcin’d,  there  are  either  none,  or  but  a  fmall 
Quantity  of  thofe  Parts,  which  are  the  Food  of  Fire,  wherefore 
before  thefe  Bodies  can  be  diffolv’d,  it  is  neceffary  that  the  extra¬ 
neous  Fire  fhould  continually  adt  upon  them. 

But  many  things  feem  to  fhew  that  the  Fire  cannot  immediately 
exert  fuch  an  Adtion  upon  Bodies,  as  we  obferve  in  Combuftion 
and  Calcination. 

In  Combuftion,  the  Fire  unites  itfelf  with  innumerable  fmall 
Particles,  which  can  no  Way  be  perceiv’d ;  thefe  are  mov’d  every 
Way,  the  greateft  Quantity  ariftng  from  thofe  Places  where  the 
Flame  is.  It  can  fcarce  be  doubted  that  thefe  Particles,  as  they  move 

2570.  al°ng  with  the  Fire,  enter  into  the  Pores  of  other  Bodies ;  for  it  is 
manifejl  jrom  many  Experiments ,  moft  of  which  are  mention’d  by 
Boyle,  that  the  Weight  of  Bodies  is  fenfbly  increas'd  by  the  Adi  ion  of 
Fire  5  and  particularly  if  the  Flame  adts  immediately  upon  them  ; 
although  the  Weight  of  Bodies,  inclos’d  in  a  Glafs,  if  the  Glafs  is 
expos’d  to  the  Flame  of  Spirit  of  Wine  two  or  three  Hours,  will 
alfo  be  fometimes  increas’d,  but  in  a  lefs  Degree.  This  Increafe  of 

*  156.  Weight,  proves  the  Accefllon  of  new  Matter  which  has  pene¬ 
trated  the  Glafs.  But  that  this  Increafe  of  Weight  cannot  be  at¬ 
tributed  to  the  Fire,  other  Experiments  prove,  from  which  it  ap- 

2571.  pears,  that  the  Weight  of  Fire,  if  it  has  any ,  is  not  fenfble  to  us  $ 
which  if  it  appears  from  one  Experiment  only,  it  is  manifeft  that,, 
in  all  Cafes,  in  which  an  Increafe  of  Weight  is  difcover’d,  this  is 
to  be  attributed  to  fome  other  Matter,  carried  with  the  Fire. 

Experiment  7. 

2572.  Lay  a  Piece  of  red  hot  Iron  upon  the  Scale  of  a  very  accurate 
Balance,  and  make  an  Equilibrium.  If  you  leave  it  thus,  the  Equi¬ 
librium  is  preferv’d,  whilft  the  Iron  lofes  this  greater  Heat,  and  is 
reduc’d  to  the  fmalleft  Degree  of  Heat. 

2572.  Lon  is  dilated  by  Heat  *  ;  and  is  fuftain’d  more  by  the  Air  *f*  -y 

*  24°3  24?6  therefore  it  may  be  imagin’d  that  there  muft  be  an  Increafe  of  the 
i  1478.2166.  \,ydg{lt5  to  make  an  Equilibrium.  But  the  Difference  from  this 

Caufe  cannot  be  fenfible  in  the  Experiment,  and  we  fpeak  of  a 

*  2570.  greater  Increafe  of  Weight  *. 

The  laft  Experiment  proceeds  in  the  fame  Manner  in  Vacuo. 


2567. 

2568. 

2569. 
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Experiment  8* 

We  make  ufe  of  two  Iron  Cubes,  having  their  Sides  equal  to  an  2  C74 
Inch,  and  which  are  exactly  of  the  fame  Weight;  one  of  them  is 
to  be  put  into  the  Fire,  being  firft  laid  in  a  Vefifel,  or  Crucible,  that 
nothing  may  adhere  to  it. 

A  fmall  accurate  Balance  is  fufpended  over  the  Plate  of  the  Air- 
Pump,  in  the  Method  explain’d  above  *.  The  Scales  muft  be  2167. 

fufpended  by  Chains,  and  both  the  Chains  and  the  Scales  mud;  be 
thicker,  than  what  are  commonly  ufed  in  fuch  fmall  Balances. 

When  the  Iron  is  red  hot,  it  is  laid  upon  one  Scale,  and  an  Equili¬ 
brium  is  made  with  the  other  Cube  ;  if  any  thing  is  wanting,  it  muft 
be  made  up  with  a  fmall  Weight.  All  this  muft  be  cover’d  with 
a  Glafs  Receiver,  and  the  Air  exhaufted,  and  the  Equilibrium 
remains  ;  which  is  not  in  the  leaft  alter’d,  by  the  Diminution  of 
the  Heat  of  the  Iron. 

It  is  confirm’d  by  Experiments,  even  fome  that  have  been  made  2575. 
in  Vacuo,  that  the  Action  of  Fire  in  burning  of  Bodies,  is  aflifted 
by  the  Adion  of  a  very  fubtile  extraneous  Body,  which  is  united 
with  the  Fire.  For  all  Combuftion  ceafes,  upon  the  Removal  of 
the  Air,  as  will  be  feen  in  the  next  Chapter. 

Yet  Bodies  which  are  to  be  burnt  in  the  Air,  can  be  confum’d  2576. 
by  Fire,  when  the  Air  is  remov’d,  but  only  by  a  continual  Adion 
of  extraneous  Fire,  and  indeed  more  flowly,  the  Flame,  and  violent 
Agitation  of  the  Parts,  ceafing. 

*  r  f  * 
Experiment  9. 

The  fmall  Pieces  of  Wood  a ,  a ,  a ,  ay  are  join’d  together  by  a  2C77. 
Wire,  which  is  faften’d  to  the  End  S,  of  the  Brafs  Wire  S  T,  PI. 8 2. F. 3 
which  paflfes  through  the  Collar  of  Leathers  P  *,  which  is  fcrew’d  *  2155. 
on  to  the  Cover  O,  which  is  laid  on  the  Receiver  R. 

The  red  hot  Iron  F,  is  laid  upon  the  Plate  G  of  the  Air-Pump, 
the  Stone  L  being  put  between  ;  it  is  cover’d  with  the  Receiver  R, 
and  the  Air  is  exhaufted.  If  you  pufh  down  the  Brafs  Wire,  the 
fmall  Pieces  of  Wood  are  laid  on  the  Iron  fucceffively,  and  there 
confum’d  ;  but  they  emit  no  Flame. 

When  a  Flint  is  ftruck  with  a  Steel,  Particles  are  feparated  from  25  78» 
the  Steel  and  the  Stone ;  they  are  fiery,  and  make  Sparks,  in  their 
Separation  :  The  melted  Particles  of  Metal  acquire  a  fpherical  Fi¬ 
gure  ;  thofe  which  are  feparated  from  the  Stone,  are  confum’d, 
are  friable,  and  are  reduc’d  to  a  Calx.  If  the  Percufiion  be  made 

N  2  in 
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in  Vacuo,  we  difcover  the  fame  Changes ;  but  the  Parts,  whilft  they 
are  feparated,  do  not  become  lucid,  and  there  are  no  Sparks  to  be 
perceiv’d. 
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We  make  ufe  of  the  Machine,  defcrib’d  above,  for  Fri&ion  in 
Vacuo  * ;  with  it’s  Adjuncts,  that  the  Circumrotation  may  be  with 
the  greater  Wheel  *. 

But  before  we  join  the  Machine  to  the  Plate  of  the  Air-Pump, 
we  lay  a  Leather  on  the  Plate,  upon  which  Leather  the  Glafs  Re¬ 
ceiver  muft  be  put  *  ;  we  alfo  apply  to  the  Plate  a  Piece  of  Paper, 
which  muft  be  contain’d  in  the  Receiver  in  fuch  manner,  that  it 
may  not  hinder  the  Receiver  from  being  applied  to  the  Leather, 
Part  of  which  only  is  cover’d  with  the  Paper ;  this  has  two  Holes 
in  it,  which  anfwer  to  the  Holes  in  the  Air-Pump. 

To  the  movable  Axis  ab  we  join  the  fteel  Cylinder  A,  of  a  fmall 
Height,  through  the  Center  of  which  the  Axis  paffes,  and  whofe 
Diameter  is  about  two  Inches  and  an  half,  and  Height  half  an 
Inch.  /  A  r  1 

The  Convex  Surface  of  this  Cylinder  has  Grooves,  in  fuch  man¬ 
ner  that  the  Eminences  between  the  Grooves  make  Edges,  which 
encompafs  the  Cylinder ;  thefe  Edges  have  eight  or  ten  Incifions, 
at  Right  Angles  to  them. 

The  Cylinder  is  faften’d  between  two  fmall  round  Pieces  of  hard 
Wood,  by  the  two  Screws  c,  c,  which  are  fcrew’d  on  with  Keys, 
that  the  Cylinder  may  be  well  fix’d. 

Two  Pieces  of  Flint  muft  be  put  into  the  Pieces  of  Wood  S,  S, 
which  are  applied  to  the  Plates  E  F,  E  F.  The  Flints  muft  be 
mov’d  to  the  Circumference  of  the  Cylinder,  and  prefs’d  clofe  to 
it,  in  fuch  manner  that  the  Plates  E  F,  E  F,  may  be  bent  down¬ 
wards  a  little,  and  in  this  Polition  they  are  faften’d  by  the  Screws 
e ,  e}  ey  e , 

All  this  muft  be  cover’d  with  the  Glafs  Receiver,  and  the  Wheel 
muft  be  turn’d  round  •>  the  Particles  wThich  are  rubb’d  off  fall  upon 
the  Paper,  and  muft  be  gather’d  together ;  and  thefe  being  all  re¬ 
mov’d,  the  Receiver  muft  be  laid  on  again,  and  the  Air  exhaufted. 

Turn  the  Wheel  again,  and  having  let  in  the  Air,  remove  the 
Receiver,  and  gather  together  again  the  Particles,  which  have  been, 
feparated  from  the  Steel  and  Flints. 

If  thefe  collected  laft,  be  compar’d  with  the  fir  ft,  which  were 
collected  before  the  Air  was  exhaufted,  thefe  will  be  found  to  be 
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like  the  others,  if  we  examine  them  with  a  Microfcope.  If  the 
Experiment  be  made  in  the  Dark,  we  obferve,  during  the  turning 
about  of  the  Wheel,  that  the  Receiver  is  in  a  manner  filPd  with 
Sparks,  when  there  is  Air  in  it ;  but  when  there  is  no  Air  we  per¬ 
ceive  no  fuch  Thing,  and  the  Light  appears  fix'd  where  the  Fridion 
is ;  the  Stones  being  made  lucid  by  the  Fridion,  as  we  have  feen  in 
other  Bodies  *. 


* 
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CHAP.  XIV. 

Of  the  Extinction  of  Fire ,  and  of  Cold . 

nr  HE  Extinction  of  Fire  is  a  Cejfation  of  it's  Motion  i?i  that  Body 
wherein  the  Food  of  the  Fire  is  wafed 

It  is  very  evident  that  Fire  muSl  necefiarily  be  extinguish'd,  when 
all  its  Food  is  deftroy’d  by  the  Adion  of  the  Fire.  But  it  is  very 
difficult  to  account  for  the  Extindion  of  Fire,  when  it  has  fome 
Food  yet  remaining. 

This  we  often  obferve  when  burning  Coals  are  expos'd  to  the 
Sun’s  Rays ;  for  they  are  put  out  before  they  are  quite  confum’d,  as 
may  eafily  be  try’d.  But  it  is  very  hard  to  Shew  how  it  comes  to 
pafs. 

Fire  alio  goes  out  where  there  is  no  Air . 

Experiment  i. 

Take  a  red  hot  Coal  of  hard  Turf,  which  wou’d  not  go  out  of 
itfelf,  without  being  quite  confum’d,  and  put  it  into  an  open  Veflel, 
laying  it  on  the  Plate  of  the  Air-Pump  ;  cover  it  with  a  Receiver, 
exhauSt  the  Air,  and  the  Coal  will  be  extinguish'd  in  a  Short  Time. 

If,  immediately  after  the  taking  out  of  the  Air,  the  Air  be  let  in 
again,  in  that  Short  Interval  of  Time,  the  Coal  is  not  entirely  con¬ 
fum’d,  but  is  reduc’d  to  that  State,  that,  That  which  burnt  vio¬ 
lently,  may  now  be  very  fafely  handled. 

The  Caufe  of  this  Phenomenon  cannot  be  fo  eafily  difcover’d  ; 
for  Experiments  demonstrate  that  this  FjfeCi  cannot  he  attributed  to 
the  Diminution  of  the  Prejfure  alone . 

Experiment  2. 

A  Glafs  Receiver,,  open  at  Top,  is  laid  upon  the  Air-Pump  \  this  2  5S6* 
is  clos’d  with  a  Cover,  to  which  is  join’d  a  long,  curve,  Brafs  Tube,, 
which  has  an  Iron  End*  a  Cock  being  put  between.. 
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The  Air  is  exhaufted  from  the  Receiver,  and  let  in  through  the 
Tube,  which  is  join’d  to  the  Cover,  and  fo  difpos’d,  that  the  Air 
cannot  enter  into  it,  without  pafling  through  the  Flame  of  red  hot 
Coals.  The  Air  is  let  in  flowly,  and  when  the  Receiver  is  fill’d 
with  it  the  Cover  is  taken  away ;  and  the  Air  in  it  fuilains  the  Weight 
of  the  whole  Atmofphere.  Now  if  we  put  into  the  Receiver  through 
the  upper  Hole  burning  Sulphur,  or  Paper  fet  on  Fire,  it  is  imme¬ 
diately  extinguifh’d  upon  it’s  Entrance  into  the  Receiver. 

If  this  be  repeated  feveral  times,  the  Flame  may  be  thruft  in 
more  and  more  continually,  before  it  will  be  put  out ;  becaufe  it 
drives  out  the  Air  from  the  Places  that  it  comes  to,  and  new  Air 
immediately  fucceeds. 

W  hence  it  follows,  that  forne  peculiar  Particles  are  requir'd ,  that 
Fire  may  not  be  extinguijk' d,  which  fly  off  by  the  Action  of  the 
Fire,  or  become  ufelefs,  which  happen’d  in  the  laft  Experiment, 
before  the  Entrance  of  the  Air  into  the  Tube. 

This  is  iliuftratedjby  another  Experiment  alfo. 

Experiment  3. 

A  lighted  Candle  is  cover’d  with  a  Receiver,  open  at  top ;  and 
that  the  Air  may  not  come  in  at  Bottom,  we  lay  the  Candle,  to¬ 
gether  with  the  Receiver,  upon  the  Plate  of  the  Air-Pump ;  and 
we  make  ufe  of  a  Receiver,  which  may  be  applied  very  clofe  to 
it,  as  in  the  Experiments  concerning  Air.  The  Flame  remains  in 
the  fame  State,  new  Air  coming  in  continually  at  top  ;  but  if  a 
Cylinder  be  join’d  to  the  upper  Aperture,  that  the  Air  cannot  fo 
conveniently  get  in,  the  Candle  will  be  put  out  in  a  fhort  Time ; 
unlefs  the  Receiver  be  rais'd  up  a  little  at  one  Part,  that  the  Air’ 
may  come  in  at  the  Bottom;  or  be  admitted,  any  other  Way. 

The  feveral  Ways  by  which  Fire  is  extinguifh’d,  muft  be  refer’d 
to  the  want  of  Air  :  Thus  Fire  which  is  every  IVay  inclos'd ,  is  ex - 
tinguijh'd  in  a  Jhort  Fime ;  to  the  Performance  of  which  it  feems, 
that  the  accumulated  Smoke  does  not  a  little  conduce. 

That  Extinction  is  oftentimes  fuch,  that  the  Fire  extinguifh’d 
will  not  be  re-kindled,  but  by  bringing  new  Fire  to  it,  though 
fometimes,  upon  the  Admifiion  of  the  Air,  it  will  re-kindle  of 
it’s  own  Accord,  and  that  too  when  all  Communication  with  the 
external  Air  has  been  a  confiderable  Time  taken  away.  Yet  in 
fome  of  thefe  Cafes  the  Fire  is  not  quite  extinguilh’d,  although 
there  is  not  a  fenfible  Appearance  of  the  Confumption  of  the 
Fire’s  Food. 

We 


Chap.  14.  of  Natural  Philofophy.  95 

We  alfo  refer  the  Action  of  Water,  when  it  extinguijhes  Fire,  to  2593, 
the  want  of  Air . 

In  the  Combuftion  of  thofe  Bodies  which  attrad  Water,  if  this,  2  594, 
which  will  not  burn,  becaufe  it  contains  no  Food  for  Fire,  be 
pour'd  upon  them,  it  will  immediately  touch  or  cover  the  Bodies 
in  fuch  a  Manner  as  to  hinder  the  Accefs  of  the  Air  upon  which 
the  Fire  is  extinguifh’d,  unlefs  the  Quantity  of  the  Water  be  very 
fmall  with  regard  to  the  Bignefs  and  Violence  of  the  Fire  :  For  in 
that  Cafe  the  Water  is  immediately  chang’d  into  Vapour,  and 
driven  back. 

But  when  the  Bodies  are  fuch,  that  the  Water  will  not  imme-  259 5* 

diately  touch  or  mix  with,  as  Oil  and  greafy  Bodies,  the  Water 
will  not  extinguish  thefe,  unlefs  it  be  pour’d  upon  them  in  fuch 
Abundance,  as  to  Lake  away  the  Accefs  of  the  Air  from  every 
Part. 

There  are  alfo  fome  Fluids  which,  thcu0h  they  will  mix  with  2 596, 

Water,  yet,  when  on  *  are,  will  not  beextin  uifh’d  by  Water;  which 
feems  to  contradid  what  has  been  already  laid  *  :  But  the  Water  *  2593. 
cannot  apply  itfelf  to  the  Surface  of  thefe  Fluids,  and  be  difpers’d  ° 

over  them,  as  it  fhou’d  be,  to  hinder  the  Accefs  of  the  Air. 

The  Adion  of  the  Water  upon  the  Fire  contain’d  in  the  Phof-  2  C07 
phorus,  which  has  been  already  mention’d  differs  from  the  Ac-  %  24.00 
tion  fpoken  of  here.  For  when  the  Phofphorus  is  well  lighted, 
it  cannot  be  extinguifh’d  by  Water,  and  it’s  Light  is  more  lively 
where  there  is  no  Air. 


Experiment  4. 

Write  upon  Paper  with  the  Phofphorus,  above-mention’d,  and 
inclofe  it  in  a  Receiver,  out  of  which  exhauft  the  Air,  and  the 
Letters  will  appear  in  the  Dark  more  lively,  than  in  the  Air,  but 
they  difappear  in  a  Short  Time. 

W hen  Fire  is  extinguifh’d,  the  Heat  is  leffen’d,  and  therefore 
that  Extindion  has  fome  Relation  to  Cold. 

For  the  kjfening  of  Heat  is  ‘very  often ,  but  not  always,  call'd 
Cold ,  which  is  no  other  than  that  Diminution . 

Thole  Parts  that  are  not  fo  hot  as  the  Parts  of  our  Body  which 
touch  them,  that  is,  which  leflen  the  Heat  in  our  Bodies  are  * 

faid  o  be  cold  ;  juft  as  thofe  Bodies  are  faid  to  be  hot  which  in- 
creafe  that  Heat  *.  * 

Cold  with  regard  to  us  is  no  other  than  the  Senfation  arifing  in 
us  upon  the  leffening  of  the  Heat  in  our  Bodies,  and  in  a  cold 
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Body  there  is  Heat  *  :  But  it  is  lefs  than  the  Heat  of  our  Body, 
and  therefore  that  diminishes  this  *. 

From  thefe  common  Confiderations  alone,  that  Queftion  is  ea- 
fily  determin’d,  viz.  whether  Cold  ought  to  be  afcrib’d  to  a  Pri¬ 
vation  of  Heat,  or  to  the  Prefence  of  lome  particular  Matter,  juft 
as  Heat  is  owing  to  the  Prefence  of  Fire.  It  is  very  evident  that 
the  bare  Abfence  of  Fire  is  Sufficient. 

But  we  may  alfo  put  another  Queftion,  viz.  whether  it  is  pof- 
fible  to  have  a  Diminution  of  Heat  without  a  certain  Sort  of  Mat¬ 
ter,  whofe  Particles  we  may  call  ihe  Darts  of  Cold.  To  this  I  an- 
fwer,  that  we  have  no  Experiments  to  prove  there  is  fuch  a  Kind 
of  Matter,  and  therefore  it  is  impoffible  to  give  an  Aniwer  to  this 
Queftion,  for  we  ought  not  to  deny  a  Thing  becaufe  we  cannot 
prove  the  contrary.  But  this  we  know  is  always  very  certain,  that 
from  whatever  caufe  it  proceeds,  the  Diminution  of  Heat  is  fuffi- 
cient  of  itfelf  to  caufe  Cold. 

I  cannot  deny  but  that  there  may  be  fome  fubtile  Particles, 
which,  upon  entering  into  Bodies,  do  either  wholly  or  partly  drive 
the  Fire  out  of  them.  But  that  there  are  always  fuch,  where  we 
find  a  Diminution  of  Heat,  is  what  I  faid  does  not  yet  appear.  For 
although  there  are  Particles  which  do  not  attrad  Fire  as  the  Particles 
of  which  Bodies  confift,  but  repel  it,  it  does  not  follow  from 
thence  that  Pleat  cannot  be  leflen’d  from  fome  other  Caufe. 

But  in  fome  Cafes  the  following  Experiment  feems  to  fhew  that 
there  are  fuch  Particles. 


Experiment  5. 

Take  a  Mixture  of  Snow  and  Sea  Salt,  and  put  it  into  a  Vefiel, 
which  furrounds  a  Glafs  fill’d  with  Water,  if  this  Mixture  be  fet 
on  the  Fire,  the  very  Moment  that  it  melts,  viz.  that  it  becomes 
hot,  it  does  not,  like  other  Bodies,  communicate  Heat  to  the  Wa¬ 
ter  *  ;  hut  the  Water  is  immediately  turn’d  into  Ice. 

If  the  Water  be  contain’d  in  a  Tube,  which  is  exhaufted,  the 
Congelations  is  made  with  an  Ebullition 
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Part  I.  Of  the  Motion  of  Light,  and  it’s 

Inflexion. 


CHAP.  I. 

Of  the  V docity  of  Light . 


WE  have  obferv’d  that  the  intimate  Nature  of  Fire  is  un¬ 
known  to  us  * ;  this  muft  alfo  be  referr’d  to  J_Jght.  We  * 
do  indeed  deduce  many  Phenomena  of  Light  from  a  few  Proper¬ 
ties  of  Light,  which  we  difcover  by  Experiments  -y  but  it  will  ap¬ 
pear  from  the  Phenomena  themfelves  that  many  Properties  of 
Light  are  conceal’d  from  us. 

We  have  before  obferv’d  that  Light  moves  in  right  Lines 
Light  does  not  go  from  one  Point  to  another,  if  there  is  any  Ob-  * 
ftacle  in  the  right  Line,  which  we  fuppofe  drawn  between  thefe 
Points. 
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If  Light  paffes  through  an  Hole ,  it  keeps  it's  Direction,  and  is 
not  differs' d  f deways ,  as  has  been  faid  of  Waves 

Definition  i. 

Any  Light  whatfoever  confderd  with  regard  to  the  Direction  of 
it's  Motion ,  if  it  be  all  carried  in  the  fame  Direction,  is  call'd  a  Rax 
of  Light.  %  T  f 

We  have  feen  that  a  Body,  which  etnits  Light,  is  faid  to  be 
lucid  *. 

Lhe  Surface  of  a  lucid  Body ,  confijls  of  lucid  Points ,  which  emit 
Rays  of  Light  ecoery  Way . 

Definition  2. 

A  Body  is  faid  to  be  tranfparent ,  through  which  Light  can  pafs , 
the  Right-lirid  Motion  of  the  Rays9  in  the  Body ,  not  being  diflurb'd. 

Definition  3. 

Bodies ,  that  intercept  Light ,  are  call'd  opaque  Bodies . 

But  there  are  two  Queftions  propos’d  with  regard  to  the  Mo¬ 
tion  of  Light. 

1  ft.  Whether  the  Motion  of  Light  is  to  be  attributed  to  a  Am¬ 
ple  Preffure,  or  whether  there  is  a  Removal  from  one  Place  to 
another. 

2dly.  Whether  the  Propagation  of  Light  be  inftantaneous,  or 
fucceffive. 

I  fhall  fay  fomething  of  the  fir  ft  Queftion.  According  to 
thofe,  who  attribute  the  Motion  of  Light  to  Preffure,  the  fmall 
Globules,  which  touch  one  another,  are  dilpers’d  through  the 
whole  Space,  through  which  the  Light  is  propagated.  The  Light 
appears,  when  by  the  ACtion  of  the  lucid  Body,  the  Globules 
next  the  Body  are  prefs’d,  which  prefs  thofe  next  to  them,  and 
thus  the  Propagation  is  caus’d. 

I  fhall  only  make  one  Objection  to  this  Opinion.  A  Globule  is 
furrounded  by  many  others,  and,  if  thole  are  comprefs’d  according 
to  different  Directions,  they  likewife  prefs  that  very  Globule  ac¬ 
cording  to  different  Directions  ;  and  this,  that  all  the  Rays  may 
keep  their  Direction,  ought  to  prefs  the  other  Globules  according 
to  all  thefe  Directions ;  but  this  cannot  be  ;  for  all  the  Preffures 
are  reduc’d  to  one  only  *,  and  a  Globe  comprefs’d  preffes  upon  all 
the  adjacent  ones,  which  can  refill:  this  Preffure,  whether  they  an- 
fwer  to  thofe  that  prefs>  or  not  ;  whence  wou’d  follow  a  Confu- 

1  fion 
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fion  of  Rays :  Contrary  Preflures  wou’d  alfo  mutually  deftroy  one 
another.  But  it  appears  from  Experience  that  innumerable  Rays 
pafs  through  the  fmalleft  Hole,  without  any  Confufion.  It  will  be 
manifeft  from  what  we  fhall  afterwards  fay  of  Vifion,  that  this 
happens,  when  we  fee  many  Objedts  through  a  fmall  Hole. 

If  the  Propagation  of  Light  be  not  by  Prefliire,  it  is  not  inftan- 
taneous ;  but  it  is  by  Tranflation  from  one  Place  to  another,  in 
which  fome  Time  is  confum’d.  Although  this  general  Obferva- 
tion  be  fufficient  to  anfwer  the  firft  Queftion  * ;  we  will  illuftrate  it 
more,  and  examine,  whether  we  cannot  determine  the  Velocity 
of  Light  from  Phenomena. 

Caftini  and  Reaumur  were  the  firft,  who  attempted  to  determine  the 
Velocity  of  Light  from  aftronomical  Obfervations ;  the  former  foon 
chang’d  his  Opinion,  being  perfuaded  that  the  Conclufions,  which 
he  had  drawn  from  Phenomena,  did  not  follow  from  them ;  be- 
caufe  all  Phenomena  did  not  agree.  Reaumur  continued  in  his  Opi¬ 
nion,  and  endeavoured  to  defend  it  with  all  his  Might ;  and  there¬ 
fore  it  is  now  attributed  to  him  alone  :  I  fhall  briefly  eonfider  it. 

But  as  we  have  to  do  with  aftronomical  Obfervations,  what  re¬ 
lates  to  the  prefent  Queftion,  might  be  more  eafily  and  fully  ex¬ 
plained  in  the  next  Book ;  neverthelefs  I  fhall  undertake  to  explain 
it  now,  and  fhall  mention  fome  Things  belonging  to  Aftronomy  ; 
but  only  fuch,  as  immediately  relate  to  our  Purpofe  $  and  I  fhall 
endeavour  to  propofe  them  in  fuch  Manner,  that  they  may  be  un- 
derftood  by  thofe  alfo,  who  have  not  yet  acquired  Ideas  of  the 
Motions  of  the  heavenly  Bodies. 

The  Sun,  the  Fountain  of  Light,  enlightens  the  Bodies  with  it’s 
Rays,  which  move  round  it ;  thefe  Rays  by  being  reflected  become 
’Vifible,  as  will  be  more  fully  explain’d,  when  I  treat  of  Vifion. 
Amongft  thefe  the  Earth  itfelf  performs  it’s  annual  Revolution 
round  the  Sun. 

The  Bodies  that  move  round  the  Sun,  are  fpherical,  and  opake, 
and  are  call’d  Planets ;  we  fhall  take  into  Confideration  one  of 
thefe,  call’d  Jupiter.  Round  this  there  move  four  fmaller  Bodies, 
call’d  Satellites  ;  which  revolve  circularly  round  the  Center  of 
Jupiter. 

Thefe  Satellites  in  their  Revolutions  pafs  through  the  Shadow  of 
Jupiter ,  and  are  eclips’d,  and  indeed  every  Revolution,  if  we  ex¬ 
cept  the  fourth,  which  is  at  the  greateft  Diftance,  which  fometimes 
pafles  by  the  Side  of  the  Shadow. 
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Aftronomers  have  chiefly  taken  Notice  of  the  inmoft,  or  leaft 
diftant  of  them,  and  have  obferv’d  it’s  Motion  more  accurately, 
than  that  of  the  others,  in  order  to  determine  it's  Immerfion  into 
the  Shadow,  and  it’s  Emerfions  out  of  it. 

2625.  Let  S  be  the  Sun,  A  BCD  the  Orbit  of  the  Earth  ;  I  Jupiter 
PL85.F.  1.  hi  his  Orbit;  EFG  the  Orbit  of  the  inmoft  Satellite;  this  pafles 

through  the  Shadow  at  E  F.  If  the  Body  of  Jupiter ,  and  the  Or¬ 
bit  of  the  Satellite,  fhou’d  have  a  Magnitude  proportioned  to  this 
Figure,  they  cou’d  not  be  perceiv’d. 

262 6.  The  Computations  would  be  very  Ample,  if,  whilft  the  Satellite 
is  carried  equably  in  a  Circle  round  Jupiter ,  in  the  periodical  Time 
difcover’d,  this  turn’d  about  the  Sun  in  the  fame  Manner ;  but  this 
is  not  the  Cafe ;  whilft  the  Shadow  turns  about  with  Jupiter ,  it 
will  not  move  equably,  and  in  refpeCt  of  that  the  Computation 
muft  be  corrected ;  this  Correction  is  call’d  the  jirjl  Equation  of  the 
Satellite .  Moreover  we  ought  to  have  regard  to  the  Time  the  Sa¬ 
tellite  remains  in  the  Shadow,  which  is  greateft,  when  the  Satellite 
pafles  through  the  Center  of  it,  and  different  according  to  the  dif¬ 
ferent  Diftance  from  the  Center,  at  which  it  pafles  along.  From 
thefe  Obfervations  made  accurately,  the  Moment  of  the  Beginning 
or  End  of  the  Eclipfe  may  be  determin’d. 

#627.  But  this  Computation  is  not  fufScient,  in  the  Obfervation  of  an 
Ecliple ;  the  Obfervation  differs  more  or  lefs  from  the  Computation, 
according  to  the  different  Situation  of  the  Earth  with  relpeCt  to 
Jupiter ;  and  the  greateft  Difference  wants  little  of  a  Quarter  of 
an  Hour. 

But  it  is  manifeft,  that  the  Situation  of  the  Earth  does  not  alter 
the  Eclipfe  ;  and  that  therefore  this  Retardation  muft  be  attributed 
to  an  extraneous  Caufe. 

When  the  Earth  pafles  between  Jupiter  and  the  Sun  at  A,  the 
Computation  mention’d  agrees  with  the  Obfervations ;  but  when 
the  Earth  recedes  more  from  Jupiter ,  a  fecond  Correction,  which 
is  call’d  the  fecond  Equation ,  is  to  be  made  ufe  of.  This  Equation’ 
follows  the  Ratio  of  the  Increafe  of  the  Diftance  of  the  Earth* 
from  Jupiter ,  whilft  the  Earth  moves  through  ABC;  and  the 
Eclipfe  is  retarded  in  the  Ratio  of  this  Increafe  of  the  Diftance^ 
meafur’d  in  a  right  Line  drawn  to  Jupiter  ;  and  in  the  fame 
Manner  is  diminifli’d  the  Retardation  in  the  Motion  of  the  Earth 
through  B  D  A,  in  which  it  draws  nearer  to  Jupiter . 

2629.  This  Proportion  was  the  Reafon,  that  Reaumur  attributes  the  De¬ 
lay  taken  Notice  of  to  the  Motion  of  Light,  and  the  Conclufion  is 

i  evident ; 


1 


evident  5  for  if  at  the  very  Moment,  when  the  Satellite  goes  out  of 
the  Shadow,  it  is  vifible  at  any  Diftance  whatever,  it  matters  not 
whether  a  Spectator  be  at  A,  or  B.  or  at  a  greater  Diftance  from 
Jupiter ,  he  will  perceive  the  going  out  from  the  Shadow  at  the 
lame  Time,  and  the  fecond  Equation  which  has  been  mention’d 
cannot  take  Place ;  but  as  it  really  does  obtain,  it  is  no  Wonder 
that  this  Invention  has  been,  as  it  were,  univerfally  approv’d  of. 

The  firft,  who  denied  that  this  fecond  Equation  of  the  Satellites 
was  to  be  attributed  to  the  fucceflive  Motion  of  Light,  was  CaJJini 
himfelf,  who  had  found  out  with  'Reaumur  that  an  Equation  was  to 
be  made  ufe  of  in  the  Computation.  His  Reafon  for  it  was  this  ; 
he  perceiv’d  that  a  like  and  equal  Equation,  ought  alfo  to  take 
Place  with  regard  to  the  other  Satellites,  if  it  really  depended  upon 
the  Motion  of  Light  5  he  difcovered  indeed  a  like  Equation,  but 
what  was  much  greater,  with  regard  to  the  other  Satellites,  and  dif- 
rent  in  every  one. 

The  Opinion  of  Reaumur ,  which  was  oppos’d  by  a  celebrated 
Aftronomer,  fhortly  had  a  celebrated  Defender.  Dr.  Halley ,  who 
contracted  CaJJini' s  Tables,  relating  to  the  Motion  of  the  inmoft: 
Satellite,  and  rendered  the  Computation  more  eafy,  made  fome 
Obfervations,  from  which  it  follows  that  the  fecond  Equation  is  the 
fame  with  regard  to  the  third  and  fourth  Satellite,  as  the  firft ;  and 
thus,  having  remov’d  the  Difficulty  propos’d  by  CaJJini  he  re¬ 
mov’d  the  Objection  made  to  the  Argument  of  Reaumur  for  the 
fucceflive  Propagation  of  Light. 

It  is  no  Wonder,  if  the  Conclufions  from  different  Obfervations 
do  not  agree  :  The  fecond  Equation  is  difcover’d  by  comparing  the 
Computation  with  the  Obfervations  ;  but  the  Computation  is 
founded  upon  the  Tables,  made  for  that  Purpofe,  and  who  will* 
affirm  that  thefe  are  accurate  enough  to  folve  the  Queftion  ?  And  it 
will  appear  prefently  that  this  Objection  was  not  without  Reafon. 

What  has  been  hitherto  faid,  regards  the  laft  Age,  but  the  Dif- 
pute  was  not  ended  with  the  Age ;  Maraldi ,  Aftronomer  of  the 
Academy  of  Sciences,  in  the  Year  1707,  oppos’d  the  Opinion  of 
Reaumur  with  new  Arguments,  and  endeavour’d  to  add  new  Force 
to  CaJJini  s  Arguments,  by  taking  Notice  of  other  Obfervations, 
from  whence  it  follows  that  the  fecond  Equation  fhould  be  greater 
in  the  remote  Satellites  than  in  the  firft. 

But  the  chief  thing  relates  to  a  more  accurate  Obfervation  of  the 
firft  Satellite ;  with  regard  to  which  he  obferves,  that  a  certain  third 
Equation  is  negleCted,  which  might  arife  to  three  Minutes  and  an 
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half,  and  which  would  be  to  be  confider’d,  if,  what  was  faid  of 
the  Velocity  of  Light,  was  true. 

Jupiter  defcribes  an  Ellipfe  about  the  Sun,  in  one  of  whofe  Foci 
is  the  Sun’s  Center ;  which  the  Point  is  in  the  Ellipfe  we  have 
feen  above  *.  The  greateft  Diftance  of  Jupiter  from  the  Sun  exceeds 
the  leaft  by  a  Quantity  equal  to  the  half  of  the  Diftance  S  A  of  the 
Sun  from  the  Earth ;  and  the  Diftance  of  Jupiter  from  the  Earth 
may  be  increas’d  by  fuch  a  Quantity,  by  Reafon  of  the  faid  ellipti¬ 
cal  Figure  ;  for  SI  increafmg,  the  Diftance  of  Jupiter  from  the 
Earth  is  increas’d,  in  whatfoever  Part  of  it’s  Orbit  it  be  ;  and  the 
Retardation  of  the  Eclipfe  would  increafe  according  to  the  Ratio  of 
this  Increafe,  if  the  Reafoning  of  Reaumur  fhould  obtain  *. 

But  Maraldi  takes  Notice  of  fome  Obfervations,  which  differ 
very  little  from  the  Computations,  and  which  would  fenfibly  err 
from  them,  if  this  laft  mention’d  Increafe  of  the  Diftance  of  Ju¬ 
piter  fhou’d  be  taken  Notice  of.  From  whence  he  concludes,  that 
the  Equation  laft  mention’d,  is  not  to  be  receiv’d  in  the  Tables, 
and  that  Reaumur's  Opinion  is  to  be  rejected. 

But  England  has  produc’d  a  fecond  Defender  of  this  Opinion. 

It  appearing  from  many  Obfervations,  that,  the  firft  Satellite 
mov’d  a  little  fafter  than  according  to  CaJJini's  Tables,  J.  Pound 
thought  upon  correcting  thofe  Tables,  who  had  made  many  accu¬ 
rate  Obfervations  upon  Jupiter ,  and  the  other  heavenly  Bodies. 
But  the  Error  of  the  Tables  is  fo  fmall,  that  it  cou’d  not  be  difco- 
ver’d  but  after  many  Years. 

But  this  Aftronomer  affirms,  that  it  appear’d  to  him  from  many 
Year’s  Obfervations,  that  the  fecond  Inequality  is  the  fame  in  all 
the  Satellites.  And  having  corrected  CaJ/ini’s  Tables  of  the  firft 
Satellite,  which  he  delivers  as  more  accurately  agreeing  with  the 
Heavens,  he  added  the  third  Equation,  which  CaJJini  omitted, 
Halley  had  taken  Notice  of,  and  Maraldi  had  faid  ought  to  be  re¬ 
jected  *.  It  is  not  to  be  wonder’d  at,  that  Aftronomers  fhou’d 
not  agree  together ;  we  are  confidering  an  intricate  Matter,  and 
which  is  not  immediately  deduc’d  from  Obfervations  *  :  There¬ 
fore  that  might  be  attributed  to  one  Caufe,  which  fhou’d  have  been 
attributed  to  another,  and  the  Error  might  not  be  difcover’d  but  by 
comparing  the  Obfervations  made  at  different  Times;  fo  that  the 
Difficulties  cou’d  be  remov’d  only  after  a  long  Time ;  in  the  mean 
Time  there  was  always  fomething  obfcure,  which  was  at  length 
remov’d  by  the  great  Aftronomer  laft  mention’d.  This  Obfcurity 
was  the  Reafon  that  Reaumur  himfelf,  had  deduc’d  from  his  firft 
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Obfervations,  that  the  fecond  Equation  might  increafe  to  twenty  two 
Minutes,  when  the  greateft  in  CaJJini  s  Tables  is  fourteen  Minutes. 

Now  if  this  fecond  Equation  be  afcrib’d  to  the  Motion  of  Light, 
to  this  we  ought  to  attribute  the  Velocity,  with  which  it  comes 
to  us  from  the  Sun  in  feven  Minutes  Time. 

But  the  Velocity  of  Light  is  not  deduc’d  from  Obfervations  made 
on  the  Satellites  of  Jupiter  only.  A  few  Years  ago  Mr.  Bradley,  Pro- 
feflor  of  Aftronomy  at  Oxford ,  demoriftrated  the  Motion  of  Light 
from  Obfervations  made  upon  the  fixt  Stars,  at  firft  jointly  with 
Molineux ,  and  which  after  his  Death  Bradley  profecuted  alone, 
to  whom  alfo  we  owe  the  Concluftons  concerning  the  Motion  of 
Light,  whofe  Velocity  he  determin’d,  which  did  not  differ  much 
from  that,  which  we  have  mention’d  *. 

In  order  to  underftand  the  Force  of  the  Argument,  upon  which 
this  Conclufion  depends,  fome  Things  muft  be  premis’d. 

The  fix’d  Stars  are  lucid  Bodies,  and  are  at  Reft  with  regard 
to  the  planetary  Syftem,  from  which  they  are  very  remote.  In  this 
planetary  Syftem,  the  Earth  takes  it’s  Place  among  the  Planets, 
and  moves  round  the  Sun,  which  is  at  Reft,  as  has  been  faid  *. 

Let  us  fuppofe  the  Sun  to  be  reprefented  at  S ;  the  Circle 
A  B  C  D  to  reprefent  the  Way  of  the  Earth  round  it ;  and  this  to 
be  in  the  Plane,  through  which  the  Center  of  the  Sun  paffes,  and 
is  call’d  the  Plane  of  the  Ecliptick.  Let  us  fuppofe  in  this  Center 
a  Perpendicular  to  this  Plane  to  be  rais’d,  which  we  fuppofe  to  be 
reprefented  by  S  P,  and  to  pafs  through  any  fixed  Star.  It  is  no 
Matter  whether  or  no  there  really  be  a  Star  in  the  Heavens  in  this 
Perpendicular ;  we  fhail  reafon,  as  if  it  were  fo,  and  this  will  an- 
fwer  our  Purpofe. 

If  a  Spectator  fhould  be  at  S,  he  would  fee  the  Star  in  this  very  2641^ 
Perpendicular ;  but  if  the  Spectator  ftiou’d  run  through  the  Circle 
A  B  C  D,  and  the  Diameter  of  it  fhou'd  have  a  fenfible,  though 
fmall  Ratio  to  the  Diftance  of  the  Star,  this  will  feem  to  alter  it’s 
Situation  in  the  Heavens.  The  Spectator  at  A  wou’d  fee  the  Star 
along  the  Line  A  P  a ;  being  plac’d  at  C  he  would  fee  it  along  the 
Line  CP  e ;  and  in  the  fame  Manner  every  where  ;  wherefore  the 
Star  would  feem  to  run  through  the  fmall  Circle,  reprefented  at 
abed. 

If  the  Diftance  of  the  Star  {hon’d  be  fo  great,  that  in  refped:  of  2642; 
it  the  Diameter  A  C,  of  the  Earth’s  Orbit,  might  be  looked  upon 
as  a  Point,  in  which  Cafe  the  fmall  Circle  mention’d  wou’d  be  en¬ 
tirely  infenfible,  all  the  Lines,  drawn  from  Points  of  the  Orbit  to 
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the  Star,  might  be  looked  upon  as  perpendicular  to  the  Plane  of 
the  Ecliptic,  and  would  anfwer,  as  to  Senfe,  to  the  fame  Point  in 
the  Heavens,  with  the  Perpendicular  at  S  ;  in  which  the  Star 
wou’d  always  appear;  if  Light  came  to  us  in  an  Inftant,  as  was 
fuppos’d  in  the  foregoing  Reafoning 

But  if  in  this  Cafe,  in  which  the  Star  is  fo  remote,  we  fuppofe, 
the  Light  to  be  propagated  from  the  Star  with  a  certain  Velocity, 
whilft  the  Earth  runs  through  it’s  Orbit,  a  Spectator  will  fee  it  in 
a  Direction  oblique  to  the  Plane  of  the  Orbit,  by  Realon  ©f  the 
Motion  compounded  of  the  Motion  of  the  Light  and  that  of  the 
Spectator. 

Let  us  fuppofe  the  Light  to  be  mov’d  along  the  Line  E  G,  mak¬ 
ing  any  Angle  with  the  Line  F  G,  in  which  the  Spectator  is  carried, 
whom  we  fuppofe  at  F ;  let  the  Velocity  of  the  Spedator  be  to  the 
Velocity  of  Light,  as  F G  to  EG.  Whilft  the  Spectator  runs 
through  F  G,  the  Light  moves  through  E  G  $  and  the  Particle  of 
Light,  which  is  at  E,  when  the  Spedator  is  at  F,  enters  the  Eye, 
when  it  comes  to  G ;  but  the  Direction  of  the  Light  with  regard 
to  the  Eye  makes  the  Angle  E  F  G  with  the  Line  FG.  For  if  we 
fuppofe  the  Line  F  E  drawn,  and  carried  with  a  Motion  parallel 
with  the  Eye,  fo  as  with  refped  to  that  to  be  at  Reft,  whilft  the 
Eye  is  mov’d,  the  Light  will  enter  into  the  Eye  in  this  Line  ;  for 
when  the  Eye  {hall  be  aty",  in  the  Middle  Point  between  F  and  G, 
the  Line  mov’d  will  cut  E  G  in  it’s  Middle  Pointy,  which  the  Par¬ 
ticle  of  Light  has  arriv’d  at,  which  is  alfo  the  Middle  Point  of  the 
Line  mov’d  f  e  ;  therefore  the  Point  of  Light,  which  was  at  E,  at 
the  End  of  the  Line  E  F,  has  come  to  the  Eye  along  eg ;  and  will 
enter  the  Eye  in  this  Direction. 

Now  let  the  Angle  EGF  be  a  right  one,  and  let  EG  be  to 
F  G,  as  the  Velocity  of  Light  to  the  Velocity  of  the  Earth  in  it’s 
Orbit,  and  E  F  G  will  be  the  Angle,  which  the  Direction,  ac¬ 
cording  to  which  the  Light  enters  into  the  Eye,  makes  with  the 
Plane,  in  which  the  Earth  moves  round  the  Sun. 

If  the  Earth  be  at  B,  it  moves  in  the  Direction  of  the  Tangent 
.  to  the  Orbit  in  this  Point ;  that  is,  if  we  bring  the  Spectator  to 
S  *,  the  Diredion  of  the  Motion  of  the  Earth  is  along  S  C ;  and, 
making  the  Angle  a  S  C  equal  to  the  Angle  E  G  F  of  the  third 
Figure,  the  Line  S  a  will  reprefent  the  Line,  along  which  the 
Spedator  wou’d  fee  the  Star.  In  the  fame  Manner  when  the 
Earth  (hall  be  at  D,  the  Spedator  being  brought  to  S,  will  fee  the 
Star  along  Sc,  fuppofing  the  Angles  PS  c  and  P  S  a  to  be  equal  ; 
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and  this  Line  Sa,  or  Sc,  wou’d,  by  it’s  Revolution  round  PS, 
defcribe  a  Cone,  whofe  Bafe  in  the  Heavens  wou’d  be  a  Circle 
run  through  by  the  Star  in  a  whole  Year,  with  it’s  apparent  Mo¬ 
tion  :  Let  us  fuppofe  this  Circle  to  be  alfo  reprefented  by  abed , 
fuppofing  the  Letters  to  be  as  in  the  fecond  Figure. 

If  the  Star  fhou’d  not  be  in  the  Perpendicular  PS  to  the  Plane  2647. 
of  the  Ecliptick,  but  if  the  Line  P  S  fhou’d  be  inclin’d  to  this  Plate  8  5 
Plane,  the  Lines  which  determine  the  apparent  Motion  of  the  Star  pjg  ^ 
in  the  Heavens,  wou’d  make  Cones,  as  in  the  Cafes  explain’d  *;*  2641.2646. 
but  thefe  wou’d  now  be  oblique,  and  in  each  Cafe  the  apparent 
Way  of  the  Star  in  the  Heavens  wou’d  be  determin’d  according  to 
what  has  been  explain’d ;  but  it  wou’d  be  elliptical,  and  the  greater 
Axis  of  the  Ellipfe  *  wou’d  be  equal  to  the  Diameter  of  the  Circle 
abed ,  of  the  fecond  Figure,  or  the  fifth  ;  fo  that  from  the  Ellipfe 
being  known  there  is  given  the  Circle,  which  the  Star  wou’d  de¬ 
fcribe,  if  it  fhou’d  be  in  the  Perpendicular  to  the  Plane  of  the 
Ecliptick. 

It  is  to  be  determin’d  from  Obfervations,  whether  the  Stars  do 
defcribe  fuch  Ellipfes ;  and  in  thefe  are  great  Difficulties,  which 
neverthelefs  the  Reverend  Mr.  Bradley  has  overcome  by  his  La¬ 
bour,  and  incomparable  Induftry. 

Nothing  can  be  immediately  determin’d  concerning  the  elliptical 
Motion  which  has  been  mention’d.  The  Diftance  of  a  Star  from 
the  Pole  of  the  World,  at  different  Times  of  the  Year,  muft  be 
meafur’d ;  and  from  the  different  Diftances,  the  elliptical  Motion 
muft  be  determindby  Computation,  attending  to  the  Motion  of 
the  Pole  itfelf  in  the  Time,  which  paffes  between  the  Obfervations ; 
for  the  Pole  moves  in  a  fmaller  Circle,  in  which  it  runs  through 
one  Degree  in  feventy  Years. 

Mr.  Bradley  having  taken  all  neceffary  Cautions  obferv’d  many 
Stars  at  different  Times  of  the  Year,  and  immediately  difeover'd 
that  their  Diftances  from  the  Pole  of  the  World  varied  and  he 
perceiv’d  that  this  Variation  cou’d  not  be  attributed  to  the  Nutation 
of  the  Pole  ;  for  he  examin’d  two  Stars  equally  diftant  from  the 
Pole,  but  oppofite  in  fuch  Manner,  that  one  ought  to  have  receded 
from  the  Pole,  fo  much  as  the  other  approached  towards  it,  if  the 
Pole  itfelf  had  been  mov’d.  But  this  did  not  happen ;  the  Altera¬ 
tion  with  refpedt  to  one  Star  was  double  of  that,  which  the  other 
Star  underwent,  always  fetting  afide  the  Motion  of  the  Pole  from 
it’s  Revolution  which  has  been  mention’d. 
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2651.  This  diligent  Obferver/  deduc’d  from  Obfervations,  that  the 
Stars,  at  ftated  Times,  receded  from  the  Pole  of  the  World,  and 
approached  towards  it,  according  to  the  Law  which  the  above- 
2647.  mention’d  Motion  in  an  Ellipfe  requires  *  :  And  indeed  in  fuch 
Curves,  from  which  with  regard  to  all  is  deduc’d  the  Motion  in 
the  fame  fmall  Circle,  as  ab  c  d,  when  the  Stars  are  brought  to  the 
Perpendicular  at  S  to  the  Plane  of  the  Ecliptick  * ;  and  the  Dia¬ 
meter  of  the  Circle  with  regard  to  all  the  Stars  is  40  "  Jz. 

But  when  this  appears  from  Obfervations,  thefe  eafily  fhew,  to 
which  of  the  two  Caufes  above-men tion’d  we  ought  to  attribute 
the  Motion  of  the  Star  *.  For  if  the  firft  fhou’d  take  Place,  the 
Motion  of  the  Star  wou’d  be  from  a  to  c ,  whilft  the  Earth  runs 
through  the  Part  ABC  of  it’s  Orbit*;  but  this  difagrees  with 
Obfervations,  and  this  Caufe  does  not  take  Place.  But  this  Alte¬ 
ration  in  the  Situation  of  the  Star,  according  to  Obfervations,  ob¬ 
tains  whilft  the  Earth  runs  through  the  Part  of  it’s  Orbit  BCD, 
as  the  fecond  Caufe  requires  *. 

If  the  two  Caufes  fhou’d  take  Place  together,  the  Arch,  run 
through  by  the  Earth,  wou’d  differ  from  the  two  above-mention’d ; 
and  the  Concourfe  of  the  two  Caufes  alfo  difagrees  with  Obferva¬ 
tions  ;  unlefs  we  wou’d  attribute  to  the  firft  Caufe,  fome  fmall 
Matter,  that  is  not  fenfible  in  Obfervations.  From  all  which  we 
deduce  the  following  Conclufions. 

1  ft.  That  only  the  fecond  Caufe  takes  Place  here;  and  that  the 
Diftance  of  the  Stars  is  fo  great,  that  the  Diameter  of  the  Earth’s 
Orbit  has  no  fenfible  Ratio  to  it  *. 

adly.  That  the  Angle  F  EG,  in  the  Triangle  above-mention’d  *, 
is  20  "  ~;  and  therefore  there  is  the  Ratio  of  102 10  to  1,  between 
E  G  and  F  G,  that  is,  between  the  Velocity  of  Light  and  that  of 
the  Earth’s  in  it’s  Orbit.  Whence  it  ftiou’d  follow,  that  Light 
comes  to  us  from  the  Sun  in  eight  Minutes  and  an  half. 

3dly.  That  Light  comes  from  all  the  Stars  with  the  fame  Velo¬ 
city;  for  the  Angle  EFG  is  the  fame  with  refpedt  to  all.  Whence 
it  follows  (if  we  fuppofe,  that  the  Stars  are  not  all  at  equal  Diftances 
from  us,  as  many  Arguments  fhew)  that  the  Motion  of  Light, 
whilft  it  palles  through  immenfe  Spaces  to  our  Atmofphere,  is 
equable. 

2657.  But  we  mnft  attend  to  this,  that  the  fmall  Differences  cannot  be 
perceiv’d  ;  and  no  one  can  deny,  that,  in  the  Meafure  of  a  fmall 
Angle,  whatfoever  Care  we  take,  there  may  eafily  be  an  Error  of 
one  Second  ;  and  therefore,  although  we  laid  that  the  firft  Caufe 

was 
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was  to  be  rejected  *,  we  do  not  deny  that  the  Stars  from  this  Caufe  *  2652.- 
delcribe  a  fmall  Circle  perhaps,  whofe  Diameter  is  equal  to  1  ", 
or  exceeds  this  Meafure  a  little. 

We  have  in  this  Chapter  examin’d  what  relates  to  the  Velocity  2658. 
of  Light,  with  the  greater  Care,  and  the  more  clearly  ;  becaule  all 
that  is  demonftiated  in  the  following  ones,  depends  upon  this  Foun¬ 
dation  ;  viz.  that  the  Motion  of  Light  is  fucceffive,  and  that  it 
may  be  accelerated,  and  retarded,  in  the  paffing  of  Light  from  one 
Body  to  another. 

CHAP.  II. 

Of  direSling  the  Suns  Rays . 

r  I  HE  Motion  of  the  Rays  being  demonftrated,  we  muft  en-  2659. 

Jf  quire  into  the  Properties  of  them,  that  we  may  deduce  Phe¬ 
nomena  from  them.  For  this  Purpofe  the  Sun’s  Rays  muft  be  con- 
iider’d.  But  in  this  Examination  we  meet  with  two  Inconve- 
encies,  of  the  Method  to  remove  thefe  I  fhall  fpeak  in  this  Chap¬ 
ter.  The  Inconveniencies  are  thefe,  1.  The  Obliquity  of  the 
Rays;  2.  The  continual  Motion  of  the  Sun. 

From  the  Obliquity  of  the  Rays  it  follows,  that  fome  Experi¬ 
ments  can  only  be  made  at  certain  Hours ;  and  others  can  never  be 
made  in  a  Place,  otherwife  convenient,  although  it  be  large  enough, 
and  expos’d  to  the  Sun’s  Rays,  a  great  Part  of  the  Day.  By  the 
Motion  of  the  Sun  the  Direction  of  the  Rays  is  continually  alter’d, 
fo  that  the  Conftitution  of  the  Machines,  made  ufe  of  in  the  Ex¬ 
periments,  muft  be  continually  alter’d. 

By  making  ufe  of  the  following  Machine,  both  Inconveniencies 
are  remov’d. 

AN  HELIOSTATE, 

Whereby  the  Sun's  Rays  are  fix'd. 

This  Machine  confifts  of  two  principal  Parts,  each  of  which  2660, 
confifts  of  many  fmaller  Parts.  The  firft  is  a  plane  metallick  Spe-  piate  g~ 
cnlum,  fupported  by  a  Stand,  the  other  is  a  Clock  which  directs 
the  Speculum. 

We  make  ufe  of  a  metallick  Speculum,  becaufe  there  is  a  dou-  2661. 
ble  Reflection  in  a  Glafs  one.  The  Magnitude  and  Figure  of  it 
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are  not  material  ;  mine  is  rectangular,  four  Inches  long  and  three 
broad. 

This  is  put  into  a  wooden  Frame,  which  is  furrounded  with 
wooden  Rulers, .cut  in,  whereby  the  Speculum  is  retain’d. 

To  fuftain  this,  without  hindering  it’s  Motion,  to  the  faid 
wooden  Frame,  behind,  is  applied  the  Brafs  Plate  a  ay  whofe 
Ends,  being  bent,  are  fatten’d  to  the  Wood  fide  ways. 

This  Speculum  S  is  fufpended  by  the  Handle  A  A,  fmall  Screws 
being  put  through  Holes  in  the  End  of  it,  which  go  into  the  Ends 
a ,  ay  of  the  faid  Frame,  and  whofe  Parts,  which  are  in  the  Holes 
of  the  Handle,' are  cylindrical,  fo  that  the  Speculum  turns  freely 
upon  it’s  Axis,  which,  if  it  were  made  fenfible,  wou’d  pafs  along 
the  Surf  ice  of  the  Speculum. 

The  Handle  is  join’d  to  the  Cylinder  C,  whofe  Axis,  if  it  were 
continued,  wou’d  concur  with  the  middle  Point  of  the  faid  Axis 
of  the  Revolution  of  the  Speculum. 

To  the  fame  Point  anfwers  the  Tail  DE,  which  is  join’d  per¬ 
pendicularly  to  the  hind  Part  of  the  Speculum.  This  Tail  is  cy¬ 
lindrical  ;  and  is  made  of  a  Brafs  Wire,  which  is  ftrait,  firm,  and 
whofe  Diameter  is  about  a  fixth  Part  of  an  Inch. 

The  Cylinder  C  is  put  upon  the  wooden  Stand  P,  whofe  upper 
Part  is  reprefented  by  itfelf ;  whilft  this  is  done,  the  Iron  Cylinder 
ey  whofe  Surface  is  fmooth,  goes  into  a  Cavity  in  the  Cylinder  C, 
which  is  of  Copper  by  which  Means  this  turns  freely  about  it’s 
Axis,  fo  that,  by  the  Motion  of  the  Tail  D  E,  the  Pofition  of  the 
Speculum  is  very  eafily  alter’d  as  you  pleafe. 

This  is  rais’d,  and  deprefs’d,  by  Means  of  the  three  Brafs  Screws 
B,  B,  B,  which  are  turn’d  with  a  Key,  and  go  through  a  Plate  of 
the  fame  Metal,  which  is  applied  to  the  Bottom  of  the  Stand  for 
that  Purpofe  ;  and  which  ftands  out  in  three  Places,  to  receive  the 
Screws. 

If  the  Speculum  is  to  be  rais’d  higher,  as  may  eafily  be  done,, 
we  put  the  Speculum  together  with  it’s  Stand,  upon  a  fmall  Board, 
which  has  low  Feet,  and  is  made  for  that  Purpofe. 

The  other  Part  of  the  Machine  is  a  Clock,  as  has  been  faid 
above.  This  is  reprefented  at  H ;  the  Index  performs  it’s  Revo 
lution  in  twenty  four  Hours. 

The  Plane  of  the  Clock  is  inclin’d  to  the  Plorizon,  according  to 
the  Inclination  of  the  Equator  in  the  Place,  where  the  Machine 
is  made,  ufe  of  ;  that  is,  in  this  our  City  of  Leideii  is  37  0  49'. 
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But  this  Machine  may  be  made  ufe  of  in  other  Places,  whole 
Latitudes  differ  one  or  two  Degrees  from  this  Place,  as  will  ap¬ 
pear  *.  * 

The  Clock  is  fuftain  d  by  the  Copper  Pillar  F  G  ;  this  confifts 
of  two  Parts,  which  are  joined  by  the  Screws  d7  d7  between  which, 
as  in  a  Sheath,  is  mov’d  an  Iron  Plate,  in  the  Middle  of  which 
there  is  a  Slit,  through  which  the  faid  Screws  d ,  d ,  pafs.  This. 
Plate  is  join’d  faft  to  the  lower  Plate  of  the  Clock  itfelf,  which  is 
rais’d  and  deprefs’d  by  this  Method,  and  fatten’d  by  the  Screws 
d ,  d.  It  may  alfo  be  rais’d  higher  by  the  Screws  I,  I,  I,  which 
go  through  the  thick  Copper  Plate  LLM,  upon  which  the  Pillar 
F  G  Hands. 

The  extreme  Parts  of  this  Plate  L,  L,  are  terminated  in  fuch 
Manner,  that  be  and  cb  make  one  right  Line,  through  which  we 
fuppofe  a  vertical  Plane  to  pafs,  this  will  be  perpendicular  to  the 
horizontal  Lines,  which  may  be  drawn  on  the  Plane  of  the  Clock  y 
fuch  as  ar tfg7  hi. 

The  Machine  is  fo  order’d,  that  the  Plane  of  the  Clock  may 
have  the  Inclination  beforemention’d  *,  when  the  Plane  LLM  ^ 
is  horizontal  ;  in  which  Situation  it  is  eafily  plac’d  by  Means  of 
the  Screws  I,  I,  I,  by  Help  of  the  Plumb  Line  Q,  whofe  Point 
fhou’d  anfwer  to  the  Point  o>  which  is  mark’d  upon  the  Surface 
LLM. 

If  the  Machine  were  to  be  us’d  in  another  Place,  whofe  Latitude 
differ’d  from  that,  for  which  the  Machine  was  conftrudted  *,  ano-  * 
ther  Point  as  o  wou’d  be  to  be  mark’d,  in  which  Cafe  the  Plane 
LLM  wou’d  be  inclin  d  to  the  Horizon. 

The  Axis  of  the  Wheel,  which  moves  the  Index,  is  pretty 
thick,  and  is  perforated  cylindrically  y  but  the  Cavity  inclines  a 
little  to  a  conical  Figure  y  for  towards  the  Bottom  it  is  fomewhat 
narrower. 

The  Index  itfelf  is  reprefented  at  ON  ;  this  is  of  Brafs,  and 
it’s  Tail  p  q  exadtly  fills  the  Cavity  mention'd  laft,  into  which  it  is 
thru  ft  tight,  that  it  may  ftick,  and,  that  the  Wheel  may  carry 
the  Index  with  it  as  it  moves  y  whofe  Situation  may  yet  be  alter’d, 
and  fet  to  any  Hour. 

This  Tail  has  alfo  a  cylindrical  Hole,  and  through  this  paffes  the 
fmall  Brafs  Wire  ldy  which  remains  in  any  Situation,  whilft  it  is 
rais’d,  or  deprefs’d.  » 

At  the  End  O  of  the  Index  there  is  a  fmall  Cylinder  77,  which 
is  perforated  cylindrically. 

The 
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2680.  The  Length  of  the  Index  is  meafur’d  in  the  Line,  perpendicu¬ 
lar  to  /  d,  drawn  from  the  Axis  of  the  Cylinder  n  to  the  Axis  of 
the  Wire  Id.  In  my  Machine  this  Length  is  fix  Inches. 

2681.  The  Iron  Tail  t  of  the  Piece  T  goes  into  the  Cavity  of  the  Cy¬ 
linder  n  ;  this  Tail  exactly  fills  the  Cavity,  but  yet  moves  freely 
in  it. 

2682.  Between  the  Legs  of  the  Piece  T,  the  fmall  Pipe  R  may  be  fuf- 
pended  at  different  Heights,  through  which  the  Tail  DE  of  the 

*  2665.  Speculum  may  be  mov’d  frfcely  *,  which  fills  the  Pipe  very  exactly. 
2663.  This  fmall  Pipe  is  fufpended,  as  w.is  faid  of  the  Speculum  -f*.  The 

fmall  Screws  r,  r,  pafs  through  the  faid  Legs,  and  the  Ends  of 
them  go  into  the  Parts  m,  m ,  of  the  Pipe,  and  remain  there  : 
Then  the  Pipe  turns  freely  about  the  Axis  which  paffes  through 
mm-,  for  the  Parts  of  the  fmall  Screws  are  cylindrical,  which  an- 
fvver  to  the  Holes  in  the  Legs  of  the  Piece  T. 

2683.  When  the  Machine  is  to  be  fix’d,  we  make  ufe  of  another  Ma¬ 
chine  which  we  fhall  call  a  Placer . 

2684.  The  Cylinder  C  together  with  it’s  Speculum  is  remov’d  from  the 
Stand  P,  upon  which  is  plac’d  the  Brafs  Pillar  V  X.  This  flicks 
tighter  to  e  than  the  Cylinder  C,  that  the  Pillar  may  keep  it’s 
Place,  whilfl  the  Machine  is  fettled. 

2685.  Upon  the  Head  X  the  Ruler  Y  Z  moves  round  a  Center,  fo  that 

it  may  be  inclin’d  to  the  Horizon  as  you  pleafe,  and  keep  it’s  Po- 

fition.  The  Length  of  the  Arm  Y  X  is  determin’d  at  Pleafure. 
The  Arm  X  Z  is  of  a  peculiar  Confirmation,  and  a  certain  Length. 

2686.  To  the  faid  Ruler,  which  is  not  extended  beyond y,  there  are 
applied  to  others,  as  x  Z,  between  which  the  firfl  is  inclos’d  : 
Thefe  are  join’d  at  Z,  and  alfo  cohere  by  Means  of  the  Screws 
#,  which  pafs  through  a  Slit  in  the  firft  Ruler.  On  this  Ruler  is 
mark’d  the  fmall  Line  vs,  whofe  Length  is  equal  to  nine  hundredth 

*  2680.  Parts  of  the  Length  of  the  Index  *  ,  and  which  is  divided,  in  the 

Manner  which  will  be  mention’d  prefently. 

2687.  The  Arm  X  Z  is  equal  to  the  Length  of  the  Index  *,  if  it  be 

*  2680.  meafur’d  between  the  Center  of  Motion  at  X  and  the  End  Z, 

when  the  End  x  of  the  outward  Ruler,  agrees  to  v,  where  the 
Divifions  of  the  fmall  Line  vs  begin. 

2688.  The  Divifions  of  this  fmall  Line  are  unequal,  and  determine  the 
Length  of  the  Arm  at  different  Times  of  the  Year,  by  apply¬ 
ing  x  to  the  Divifion,  which  anfwers  to  the  Day,  in  which  the 
Machine  is  us’d. 
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But  in  order  to  mark  the  Divifions,  we  fuppofe  the  Length  of  2689, 
the  Arm  *  to  be  divided  into  a  thoufand  equal  Parts,  that  is,  vs  %  2680, 
into  ninety  Parts ;  but  the  Diftances  from  the  Point  v  are  fet  down 
in  the  following  fmall  Table. 

21.  Mar.  1.  Mar.  21.  Fe.  n.Fe.  i.Fe.  21.  Ja.  n.  Ja.  21.  Dec.  2690» 

o.  8.  17.  32.  47.  64.  77.  90. 

2 1 .  Sept.  1 1 .  Odt.  21.  Oc.  i.  No.  1  j.  No.  21.  No.  1  Dec.  21.  Dec. 

*  *  •  ••  \  J  •  •  j  J  ■  I  j  /  j*  (  /1  h  . 

On  the  oppofite  Side  of  the  Ruler,  there  is  alfo  drawn  a  fmall 
Line,  which  accurately  anfwers  to  v  j,  whofe  Divifions  are  contain’d 
in  this  fecond  fmall  Table. 


2691 
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2693, 


21.  Mar.  11.  Ap.  21.  Ap.  1.  May  1 1.  May  21.  May  1.  Jun.  21.  Jun. 

o.  11.  22.  36.  51.  66.  79.  90. 

21.  Sep.  1.  Sep.  21.  Au.  n.Au.  1.  Au.  21.  Jul.  11.  Jul.  21.  Jun. 

Thefe  Things  being  thus  order’d,  to  fix  the  Machine,  it  is  put 
upon  a  Plane  that  is  horizontal,  or  nearly  fo. 

Firft  we  join  the  Placer  *  to  the  Stand  P  j~,  which  we  raife  as 
much  as  is  necefiary  *,  that  the  Fvuler  Y  Z  being  reduc’d  to  a  juft  *  2683. 
Length -f*,  which  we  turn  at  Pleafure,  and  incline,  in  every  refpedt,  2684. 
that  is  with  refpedi  to  the  Place,  and  Direction,  may  agree  to  the  *  2667.2668. 
Sun’s  Ray,  which  we  undertake  to  fix.  'f*  2688. 

We  fo  order  the  other  Part  of  the  Machine,  that  the  Lines  b  c>  2694» 
be,  may  agree  to  a  Meridian  Line,  which  has  been  drawn  on  the 
Plane  *  ;  and  it  is  fo  difpos’d  by  Means  of  the  Screws  I,  I,  I,  *  2692. 

that  the  Plumb-Line  Qjnay  anfwer  to  the  Point  0  *f*.  ^  2674. 

The  Index  N  O  is  turn’d  *,  that  the  Sun’s  Rays  may  pafs  di-  260  r 
redly  through  the  Pipe  R  -f*,  which  is  turn’d,  and  inclin’d,  as  is  *  , 

requir’d.  The  Brafs  Wir eld*  is  then  rais’d  or  deprefs’d,  that  , 

the  Shadow  of  the  End  of  it  /  may  pafs  through  the  Middle  of  1  2  /'j2f 

the  Pipe. 

This  whole  Part  is  mov’d  to  the  Placer,  which  is  order’d  as  has 

_  • 

been  faid  before  *.  But  the  Clock  is  fo  mov’d  towards  the  Placer,  * 
and  rais’d,  that  the  End  /  of  the  Brafs  Wire  Ik  may  agree  to  the 
End  Z  of  the  Ruler  Y  Z. 

4.  .1  >. 

We  mu  ft  continually  have  regard  to  the  Plummet  Q,  that  it 
may  always  anfwer  to  the  Point  0 ;  we  muft  alfo  take  Care,  that, 
after  the  Clock  is  mov’d,  the  Sun’s  Rays  and  the  Shadow  of  the 
Point  /.  may  pafs  through  the  fmall  Pipe  R,  as  before,  that  the 
Pofition  with  refped  to  the  Meridian  may  not  be  difturb’d. 


*  2678. 
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2700. 


2701. 
Plate  84. 


2702. 


2703. 


2704. 


Mathematica i  Elements  Book  V. 

The  Pillar  V  X  with  it’s  Ruler  Y  Z  is  remov’d,  the  Stand  P  be¬ 
ing  left  in  it’s  Place,  on  which  the  Cylinder  C,  with  it’s  Speculum, 
is  put.  The  Piece  T  is  taken  out  of  it’s  Place,  that  the  Tail  D  E 
of  the  Speculum  may  be  put  through  the  Pipe  R  ;  when  the  Piece 
T  is  put  in  the  fame  Place  again,  every  thing  is  ready. 

Then  the  Rays  reflected  from  the  Middle  of  the  Speculum,  to 
which  all  the  other  Rays,  reflected  from  the  Speculum,  are  pa¬ 
rallel,  agree,  as  to  Place,  and  Direction,  with  the  Pofition  which  the 
Ruler  of  the  Placer  had  ;  and  whilft  the  Tail  of  the  Speculum  is 
mov’d,  as  the  Clock  moves,  whofe  Index  follows  the  Sun,  it’s 
Situation  is  alter’d  with  refpedt  to  the  Sun ;  but  the  Ray,  reflected 
from  the  middle  Point  of  the  Speculum,  remains  fix’d. 

If,  the  Index  N  O  being  taken  away,  we  fubftitute  the  Index 
K,  the  Machine  may  be  us’d  as  a  common  Clock. 

The  Experiments  concerning  Light  muft  be  made  in  the  Dark ; 
for  this  Reafon  the  Machine,  when  made  ufe  of  in  the  Experi¬ 
ments,  muft  be  fhut  up  in  a  Box  or  Cafe. 

ABO  X  or  CASE, 

In  which  the  Heliojlate  is  inclosd. 

The  Box  is  reprefented  at  A  ;  it  ftands  upon  Feet,  that  have 
Rollers  join’d  to  them,  that  it  may  be  eafily  mov’d.  It  is  open  at 
one  End,  which  End  is  mov’d  to  a  Window,  through  which  the 
Sun’s  Rays  come  freely  to  the  Speculum. 

But  the  Box  is  every  Way  larger  than  the  Window,  that  by  be¬ 
ing  applied  clofe  to  the  Wall,  the  Light  may  be  hinder’d  from  en¬ 
tering  into  the  Chamber ;  to  this  End,  the  Box  is  mov’d  as  near 
the  Wall  as  poflible,  and  the  Screws  C,  C,  which  are  faften’d  to 
the  fore  Feet,  are  turn’d,  till  they  touch  the  Ground. 

The  Door  in  my  Machine  is  oppofite  to  the  Window  ;  it  might 
have  been  otherwise  difpos’d.  We  tranfmit  the  Rays  through  the 
fore  Part  B  ;  we  make  choice  of  this,  by  Reafon  of  the  make  of 
the  Place,  in  which  the  Experiments  concerning  Light  were  made. 
In  this  Part  there  are  two  Apertures  three  Inches  broad,  and  about 
eighteen  Inches  high,  one  of  which  is  reprefented  open  at  D  E. 

Thefe  are  clos’d,  on  the  Outfide,  by  Pieces  of  Wood,  which 
are  moveable  between  wooden  Rulers.  Each  Piece  ferves  either 
Aperture,  that  they  may  be  chang’d.  One  of  them  F  is  three 
Foot  long,  and  has  a  Hole  in  it’s  Middle.  The  Aperture  ab  is 
five  Inches  long,  and  two  broad. 
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This  is  clos’d  by  the  Copper  Plate  G  H,  in  which  there  are  two  2709, 
Holes,  cy  d  >  the  Diameter  of  that  is  two  Thirds  of  an  Inch,  the 
Diameter  of  this  is  lefs.  Thefe  Holes  are  flopp’d  by  the  Plates 
I  and  K,  which  are  applied  to  the  firft  Plate  G  H,  and  are  move- 
able  about  the  Centers  i  and  k :  the  Magnitudes  of  the  Holes  may 
alfo  be  varied,  by  turning  the  laft  Plates,  as  the  Figure  fhews. 

The  Board  F  is  hollow’d  behind,  in  order  to  receive  the  objedt  2706. 
Glafs  of  a  Telefcope  of  fixteen,  twenty,  or  five  and  twenty  Feet, 
according  to  the  Magnitude  of  the  Place,  in  which  the  Experi¬ 
ments  are  made ;  the  Center  of  this  Glafs  ought  to  anfwer  to  the 
Center  of  the  Hole  c.  1 

This  Board  F  is  pretty  long,  the  Holes  of  the  fmall  Plate  may  2707. 
anfwer  to  any  Part  of  the  Aperture  of  the  Box,  the  other  Part  of 
the  Aperture  remaining  fhut.  For  this  Reafon  the  fecond  Board  is 
fhorter,  it  is  fufficient  if  the  Aperture  be  clos’d  with  this.  Thefe 
Boards  are  faften’d  by  the  Screws  M,  M. 

We  have  fhewn  how  the  Box  is  to  be  applied  to  the  Window  *  y  2708. 
but  this  cannot  be  done  thus,  if  we  wou’d  make  the  Experiments  *  2702, 
in  the  Hours,  in  which  the  Sun’s  Rays  enter  the  Window  very  ob¬ 
liquely  ;  in  this  Cafe,  that  the  Rays  may  come  to  the  Speculum, 
the  Box  mufl  anfwer  to  a  Part  of  the  Window  only ;  the  remain¬ 
ing  Part  is  clos’d  any  other  Way  j  I  make  ufe  of  a  Curtain,  to  ex¬ 
clude  all  the  Sun’s  Rays. 


SCHOLIUM. 

A  Demonf ration  of  the  Ejfeff  of  the  foregoing  Machine . 


TH I  S  Demonftration  is  deduc’d  from  the  diurnal  Motion  of  the  2709. 

Sun  •,  therefore  thofe,  who  are  unacquainted  with  the  Laws  of  this 
Motion  ;  may  pafs  over  this  Scholium,  till  they  read  in  the  following 
Book  what  relates  to  this  Matter. 

Let  S  be  the  middle  Point  of  the  Speculum  *,  SA  the  reflected  Ray,  2710. 
which  is  to  be  kept  in  this  Situation,  taken  at  Pleafure  ;  let  the  incident  pp 
Ray,  in  any  Moment  whatever,  be  B  S.  When  I  fpeak  of  the  Refledtion 
of  Light,  I  fhall  demonftrate,  that  thefe  two  Rays  are  in  a  Plane,  per¬ 
pendicular  to  the  Plane  of  the  Speculum,  and  that  the  Line  perpendicular 
to  this  Plane  at  S,  divides  the  Angle  BS  A  into  two  equal  Parts.  There¬ 
fore  taking  S A,  SB  equal,  and  drawing  BA,  if  this  be  divided  into 
equal  Parts  at  R,  SR  will  be  the  faid  Perpendicular  *  ;  and  this  being  *  g.  Jf{.  3. 
continued  Sr  fhews  the  Pofition  of  the  Tail  of  the  Speculum  *,  in  the  *  2665. ^ 
Cafe  which  we  are  confiderina. 
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If  the  incident  Ray  be  CS,  we  difcover  the  Pofition  of  the  Tail  of  the 
Speculum  in  this  Cafe  after  the  fame  Manner,  taking  SC  equal  to  S A, 
and  drawing  AC  •,  for  if  we  divide  this  into  two  equal  Parts  at  E,  and 
EStf  be  drawn,  Se  will  determine  the  Pofition  of  the  Tail  of  the  Spe¬ 
culum. 

In  like  Manner,  fuppofing  D  S  to  be  the  incident  Ray,  let  D  S  be  equal 
to  SA,  and  let  DA  be  divided  into  two  equal  Parts  at  I;  if  IS/  be 
drawn,  S  /  will  fnew  the  Pofition  of  the  Tail  of  the  Speculum. 

After  the  fame  Manner,  when  the  incident  Ray  is  alter’d  at  Pleafure, 
is  difcover’d  the  Pofition  of  the  Speculum,  that  the  receded  Ray  may 
remain. 

The  Sun  in  it’s  diurnal  Motion  delcribes  the  Equator,  or  a  Circle  pa¬ 
rallel  to  it  •,  we  confider  this  laft  Cafe. 

Drawing  Lines  from  all  Points  of  this  Circle  to  the  Center  of  the 
Earth,  thefe  will  make  the  Surface  of  a  right  Cone,  which  alters  every 
Day  j  we  take  into  Confideration  any  one  of  thefe  Cones. 

Any  Point  on  the  Surface  of  the  Earth  may  be  taken  for  it’s  Center, 
by  Reafon  of  the  immenfe  Diftance  of  the  Sun  ;  as  is  done  in  Di¬ 
alling. 

Therefore  let  S  be  the  Center  of  the  Earth  ;  the  Rays  SB,  SC,  SD, 
together  with  all  the  intermediate  ones,  will  make  a  right  Cone  ;  all  thefe 
being  continued,  and  taking  St?,  S  c,  Sd,  equal  to  one  another  and  the 
firfl  Lines,  and  therefore  to  SA,  the  Points  b,  c,  d,  will  be  in  the  Cir¬ 
cumference  of  a  Circle,  whofe  Plane  is  parallel  to  the  Plane  of  the 
Equator. 

Continue  AS  to  a,  and  make  Sa  equal  to  AS  ;  and  drawing  the  Lines 
da ,  c/7,  h  /?,  the  Line  da  will  be  parallel  and  equal  to  AD,  by  Reafon  of 
.  the  Triangles  ASD  and  aSd ,  which  agree  in  every  Thing  *  •,  and  the 
Line  I S  continued  will  cut  ad  in  the  middle  Point  i.  In  the  fame  Man¬ 
ner  e  and  r  divide  the  Lines  ca,  ha ,  into  equal  Parts. 

Thefe  Lines  da,  c  a,  ba ,  with  the  others,  which  are  drawn  from 
Points  of  the  Circumference  deb  to  a ,  make  the  Surface  of  an  oblique 
Cone.  If  this  be  cut  by  a  Plane,  parallel  to  it’s  Bafe,  the  Sedion  will  be 
a  Circle  •,  but  if  the  Sedion  pafles  through  one  of  the  Points,  as  /,  e,  r, 
it  will  pafs  through  all,  which  eafily  appears  ;  and  all  thefe  Points,  with 
the  like  Points,  are  in  the  Circumference  of  a  Circle,  whofe  Plane  is  alfa 
parallel  to  the  Equator. 

Divide  Sa  into  two  equal  Parts  at  / ;  and  draw  it,  el,  r  I,  thefe  will 
be  parallel  to  the  correfponding  Lines,  palling  through  S  *,  rl  is  parallel 
to  />SB,  for  the  Sides  Sa,  ha,  of  the  Triangle  Sba  are  bifeded  at 
l  and  r. 

So  likewife  el  is  parallel  to  cSC  ;  and  il  is  parallel  to  //SD  ;  and  fo 
of  the  others.  But  as  b S  is  equal  to  Sa  *,  rl  will  be  equal  to-  la,  ox  l S. 

Yvrhen  the  Diredion  of  the  Sun’s  Rays  is  BS,  or  Ir,  which  are  pa¬ 
rallel  *,  the  Point  S  refleds  the  Ray  along  SA,  when  the  Tail  of  the 
Speculum  pafles  along  r  f.  This  Tail  ought  to  pafs  along  e,  if  the  Di- 
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region  of  the  Rays  be  le  parallel  to  C  S  ;  if  they  be  directed  along  D  S 
and  //,  the  Tail  muft  be  diredted  along  i.  If  this  be  every  where  cb- 
ierv’d,  S  A  will  always  t>e  the  remedied  Ray. 

Hence  it  follows,  that  the  Ray  reflected  along  SA  repiains.  fix’d,  when  2718. 
the  Tail  of  the  Speculum  continually  concurs  in  the  Circumference  of  the 
Circle  ier  with  the  Sun’s  Ray  that  paffes  through  /.  But  we  fhall  de¬ 
ni  onftrate  that  the  Machine,  defcrib’d  above,  performs  this. 

The  Index  of  the  Clock  moves  with  the  Sun,  and  the  middle  Point  of  2719. 
the  Pipe  R,  defcribes  a  Circle  parallel  to  the  Equator,  for  the  Pipe  is  fuf- 
pended  in  fuch  Manner,  that  the  middle  Point  is  not  alter’d,  by  varying 
the  Inclination  of  it,  or  turning  the  Piece  T,  that  fuflains  the  Pipe  *.  This  *  2681.2682. 
is  the  Circle,  that  is  mark’d  with  the  Letters  ier  in  this  Figure. 

The  Index  of  the  Clock  is  fo  order’d,  that,  during  it’s  Motion,  the 
Ray  of  the  Sun,  which  paffes  through  the  Point  l  (PI.  83.)  which  is  the 
fame  with  the  Point  /-in  this  Figure  of  ours,  may  alfo  always  pafs  through 
the  faid  middle  Point  of  the  lrnail  Pipe  *,  through  which  Point  alfo  the  Axis  *  2693.2669. 
of  the  Cylinder  continually  paffes,  which  makes  the  Tail  of  the  Clock  i 
therefore  the  Machine  will  perform  all,  that  is  requir’d  *,  if  the  Center  *  2697.2718. 
of  the  Speculum  be  well  order’d. 

In  the  Delineation  of  the  Machine,  and  in  the  prefent  Figure,  the  2720. 

Point  /  is  marked  with  the  fame  Letter,  and  in  this  S  reprefents  the  mid¬ 
dle  Point  of  the  Surface  of  the  Speculum,  which  Point  remains  unmov’d 
in  the  Agitation  of  the  Speculum.  Therefore  we  muft  demonftrate  that 
l  in  this  Figure  is  conftituted  with  refpedt  to  S,  as  l  is  in  that  with  refpedt 
to  the  Center  of  the  Speculum. 

In  both  Figures  the  two  Points  are  in  the  refledted  Ray  continued  *  :  *  2693.2697. 
The  Diftance  S  /,  in  this  laft  Figure,  is  equal  to  any  Line  as  //,  or  le  *  ;  271 4. 

thefe  Lines  make  an  Angle  with  the  Plane  of  the  Circle  ier  equal  to  the  *  2716. 
Declination  of  the  Sun,  and  thefe  Lines,  and  therefore  S  /,  are  equal  to 
the  Secant  of  this  Angle,  when  a  Circle  is  made  ufe  of,  whofe  Ray  is 
equal  to  the  Semidiameter  of  the  Circle  i  e  r  \  this  Semidiameter  anfwers 
to  the  Length  of  the  Index*,  and  the  Ruler  of  the  Placer  is  divided  in  *  2680.2619. 
fuch  Manner  that  the  Length  of  die  Part,  which  meafures  the  0^12690.2691. 
ftance  between  the  Center  of  the  Speculum  and  /  *,  is  always  equal,  ac-  *  2688. 
cording  to  the  Time  given,  to  the  Secant  of  the;  Declination  of  the  Sun, 
at  that  Time,  the  Ray  of  the  Circle  being  given  equal  to  the  Length  of 
the  Index  ;  to  this  Secant  is  alfo  equal  the  Diftance  between  l  and  the 
middle  Point  of  the  fmall  Tube  which  follows  from  the  Direction  of  the 
Sun’s  Rays  *.  Therefore  every  Thing  anfwers  in  the  Figures,  which  re-  *  2695. 
main’d  to  be  demonftrated. 

When  the  Sun  is  in  the  Equator  the  Point  /  coincides  with  the  Center  272  r. 

of  the  Circle  i  e  r.  When  it  is  in  the  Southern  Signs,  /  is  deprefs’d  be-  ' 
low  the  Plane  of  the  Circle  ier  ;  for  this  Reafon  the  Legs  of  the  Piece  T 
are  pretty  long,  that  we  may  in  the  Winter  raife  the  Pipe,  through 
which  the  Tail  of  the  Speculum  paffes. 
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C  H  A  P.  IIL 

O/'  the  Inflexion  of  the  Rays  of  Light . 

WE  have  {hewn  before  that  Fire  is  attracted  by  Bodies  * ; 

this  appears  plainly  in  the  Sun's  Rays,  which  are  bent  to¬ 
wards  Bodies,  when  they  pafs  along  at  a  fmall  Diftance  from  the 
Bodies.  This  {hews  that  the  Rays  are  driven  towards  Bodies,  and 
attracted  by  Bodies  *  with  fome  Force. 

The  laid  Attraction  is  fubjeCt  to  the  fame  Laws  as  that,  which 
obtains  between  the  final!  conftituent  Particles  of  Bodies  In  Con¬ 
tact  it  is  very  great ;  in  this  Cafe  the  Light  joins  itfelf  to  the  Par¬ 
ticles  of  Bodies,  as  has  been  obferv’d  in  general  with  regard  to 
Fire  *,  which  appears  direCtly  from  daily  Obfervations  made  on 
Light ;  for  Bodies,  which  are  illuminated  with  the  Sun’s  Rays,  do 
not  reflect,  or  tranfmit  them  all,  but  many  are  extinguifli’d  in  the 
Bodies  themfelves,  and  communicate  Heat  to  them  *. 

The  Attraction  of  which  we  are  fpeaking,  fuddenly  decreafes  as 
we  recede  from  the  Body,  and  extends  itfelf  to  a  fmall  Hijlancey 
which  is  yet  not  altogether  infenfble ;  at  a  greater  Dijlance  it  is 
chang'd  into  a  repellent  Forcey  whereby  the  Rays  are  bent,  and  recede 
from  Bodies  which  ACiiony  as  you  recede  from  a  Body,  is  alfo  di~ 
minified. . 

According  to  this  Law  the  Rays  are  differently  bent,  as  they 
pafs  at  a  fmall  Diftance  from  the  Angle,  which  the  Surfaces  of  a 
Body  make.  Let  C  be  an  Edge,  which  fuch  an  Angle  makes,, 
which  we  fuppofe  Acute,  that  the  Effect  may  be  the  more  fenfi- 
ble.  A  Ray  of  Light  confifting  of  many  Rays  parallel  to  one  ano¬ 
ther,  when  it  paffes  near  the  Edge,  is  difpers’d  ;  that  Ray  of  thofe> 
into  which  the  firft  Ray  is  divided,  which  paffes  at  the  leaft  Di¬ 
ftance,  is  attracted  the  moft  ftrongly ;  AB  is  bent  towards  F. 

As  we  recede  from  C,  the  Deflection  is  diminifh’d,  and  the  Ray 
HI  paffes  on  in  a  ftraitLine.  If  the  Diftance  is  increas’d  there  is 
a  Repulfion,  which  fuddenly  increafes,  and  again. decreafes $  for, 
when  the  Repulfion  obtains,  we  find  that  it  is  greater  at  a  lefs  than 
at  a  greater  Diftance,  a  Ray,  as  DE,  is  bent  towards  G. 

Among  the  Experiments,  which  belong  to  this  Matter,  I  {hall 
feleCt  thofe,  from  which  the  faid  Properties  of  Light  manifeftly 
follow. 
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A  MACHINE, 

Whereby  Experiments  concerning  the  Attraction,  and  Repuljion ,  of 

Light ,  are  made . 

» 

The  Plate  A  BE  is  of  Brafs ;  to  this  are  applied  the  Rulers  BF, 
E  G,  made  of  the  fame  Metal,  between  which  the  Steel  Plate  I  is 
moveable,  which  is  thruft  forwards,  and  drawn  backwards,  by 
Means  of  the  Screw  C  ;  a  like  Steel  Plate  H  is  applied  to  the 
Plate  ABE,  and  fatten'd  by  Means  of  the  fmall  Screws  n ,  0. 
Thefe  Plates  cover  a  fquare  Aperture  in  the  Plate  ABE;  the 
Sides  of  this  Square  are  equal  to  half  an  Inch.  The  Surfaces  of 
the  Plates  I  and  H,  which  touch  the  Plate,  are  plane  ;  and  the 
Plates  are  fo  cut,  that  each  has  an  Edge  a  b ,  which  are  more  or 
lefs  feparated,  or  join’d  together,  by  turning  the  Screw  C. 

The  Hole,  through  which  the  Screw  71  goes,  is  fomewhat  wider, 
that  the  Plate  H  may  turn  a  little  about  the  Center  oy  and  that  it’s 
Edge  maybe  inclin’d  a  little  to  the  other ;  in  this  Pofition  it  is  fix’d 
by  the  Screw  n ,  and  both  the  Edges  can  come  together  only  in 
one  Point. 

The  Plate  H  is  fometimes  applied  to  the  oppofite  Surface  of  the 
Plate  ABE,  whofe  Thicknefs  is  equal  to  about  a  twelfth  of  an 
Inch  ;  it  is  fattened  by  Means  of  the  Screws  n ,  0,  which  go  in¬ 
to  the  fame  Holes  of  the  Plate  ABE.  The  Pofition  of  the  Plate 
H  is  inverted,  that  the  fame  Surface  of  it  may  touch  the  Bratt 
Plate. 

In  the  Reprefentation  of  the  Machine  the  Dimenfions  are  reduc’d 
to  an  half. 

To  the  Board  T,  which  is  here  reduc’d  to  a  fixth  Part  of  it's 
Dimenfion,  we  apply  the  Plate  mention’d  *,  and  fatten  it  by  Means 
of  Screws.  W e  reprefent  the  oppofite  Surface  of  the  Board,  that 
the  Aperture  L  may  appear,  which  is  an  Inch  high,  and  a  little 
broader,  which  the  Plate  itfelf  covers :  The  Board  ftands  upon 
Feet  that  it  may  keep  it’s  vertical  Pofition. 

In  the  following  Experiments  we  make  ufe  of  the  Helioftate 
which  is  the  moft  convenient ;  but  as  all,  who  may  be  willing  to 
make  thefe  Experiments  again,  and  confider  their  Circumftances, 
cannot  make  ufe  of  fuch  a  Machine,  either  by  Reafon  of  the  want 
of  Skill  in  the  Workmen  that  make  them,  or  for  forne  other 
Reafon,  I  will  alfo  fhew  how  thefe  Experiments  may  be  made 
wfthout  the  Helioftate.  And  I  fhall  oblerve  this  Method,  viz, 

i  When 
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2730. 
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PI.86F.3 


* 
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When  any  Thing  peculiar  is  to  be  obferv’d  in  an  Experiment, 
made  without  the  Helioftate,  I  fhall  make  mention  of  it. 


Experiment  i. 

2734.  We  have  Occafion  for  an  horizontal  Ray  in  this,  and  the  follow¬ 
ing  Experiment ;  according  to  what  is  explain’d  in  the  laft  Chap-* 
ter,  we  fix  the  Helioftate  in  fuch  Manner,  that  fuch  a  Ray  may 
pafs  through  that  Hole  pf  the  Plate,  in  the  Side  of  the  Box 

*  2705.  which  may  be  narrow'd  mod 

2735.  If  we  wou’d  make  the  Experiment  without  that  Apparatus,  and 

PI. 89. F. 4.  remove  only  the  firft  of  the  Inconveniencies  mention’d  *,  we 

*  2659.  ought  to  fix  in  the  Window,  when  fhut,  a  Plate,  like  that  men- 

^  2705  tion’d  -j~,  that  the  Light  may  enter  in  through  a  Hole,  whofe  Mag¬ 
nitude  may  be  alter’d,  as  before.  We  make  ufe  of  a  Hole  in  this 
Experiment,  whofe  Diameter  is  about  a  Quarter  of  an  Inch.  We 
refled:  the  Ray  with  a  plane,  metallic  Speculum  ;  the  Speculum  is 
fuftain’d  by  a  Tripod,  like  that,  which  is  us’d  in  meafuring  of 
Land,  and  on  which  is  put  a  Cylinder,  which  has  a  Ball  that  moves 
in  it,  whereby  the  Speculum  may  be  turn’d  any  Way.  We  fo 
difpofe  this,  that  the  reflected  Ray  may  be  horizontal. 

This  Ray  is  direded  fo  that  it  may  pafs  through  the  Aperture  L 
of  the  Board  F  *,  which  is  plac’d  at  the  Diftance  of  fix  or  feven 
Inches  from  the  Window,  and  through  the  Aperture  in  the  Copper 
Plate,  join’d  to  the  Board,  fo  that  it  may  fall  on  the  Steel  Plate  ap- 

*  2728.  phed  to  this  Copper  Plate  *. 

2729.  The  Edges  of  the  Plates  are  plac’d  parallel  to  one  another,  and 
between  thefe  there  is  left  a  Diftance  of  about  a  tenth  of  an  Inch. 
The  Light  paflfes  between  the  Edges,  and  falls  upon  white  Paper, 
plac’d  at  the  Diftance  of  about  three  Foot  from  the  Board  T ;  the 
Rays,  which  pafs  at  the  Mid-way  between  the  Edges,  make  a 
white  Spot,  on  both  Sides  of  which  the  Light  extends  itfelf  like 
the  Tail  of  a  Comet  ;  which  clearly  demonftrates  the  Infledion  of 
the  Rays,  arifing  from  the  Attradion  as  they  pafs  along  near  the 
Edges. 

The  Diftances,  which  have  been  mention’d,  of  the  Board  T, 
and  the  Paper,  may  be  varied. 

2737.  In  this  Experiment  the  Repulfion  of  Light  does  not  appear ; 
becaufe  the  Light  that  is  repelled,  is  mix’d  with  that,  which  pafles 
on  diredly ;  but  this  is  made  manifeft  by  the  following  Experiment. 


2736. 
*  2732. 


y 

Expe- 


Exper  IMENT  2* 

Things  remaining,  as  in  the  foregoing  Experiment,  the  Edges  2738. 
muft  be  gently  mov’d  towards  one  another,  by  turning  the  Screw  * ;  *  2728. 
then  the  white  Space  is  narrow’d,  and  on  each  Side  of  it  there  ap¬ 
pear  three  colour’d  Borders,  parallel  to  the  Edges  ;  of  the  Colours 
I  Avail  fpcak  in  the  laft  Part  of  this  Book.  The  Edges  being 
brought  ftill  nearer  to  one  another,  the  white  Space  is  dilated  more 
and  more,  and  the  Borders  made  on  both  Sides  by  the  attracted 
Light,  are  remov’d  on  both  Sides,  and  the  intermediate  Space  is  at 
length  fo  darken’d,  that  it  is  manifeft,  that  none  of  the  Light  pafles 
on  in  a  right  Line. 

Thefe  Phenomena  appear  more  diftinCtly,  when  the  Aperture  2739. 
in  the  Window  is  narrow’d. 

Whilft  the  Edges  are  mov’d  towards  one  another,  the  Rays,  2740. 
which  are  attracted  by  one  Edge,  fall  into  the  Sphere  of  Repulfion 
of  the  other  Edge,  and  are  repelled  ;  by  that  the  firft  Inflection  is 
increas’d,  and  the  Lights  are  remov’d  farther  on  both  Sides,  and 
the  middle  Space  is  increas’d.  Therefore  the  Experiment  demon- 
ftrates  the  Repulfion  ;  and  it  alfo  appears  that  it  is  greater  at  a  lefs 
Diftance  *.  >  *  2726. 

fl..  *5  .  .  v  *  0 

Experiment  3. 

We  alfo  immediately  demonftrate,  that  in  thefe  Cafes  the  Ac-  2741, 
tions  of  both  Edges  concur  upon  the  fame  Rays ;  for  if  one  Edge 
be  put  into  a  tremulous  Motion,  the  other  being  at  Reft,  the  Light, 
bent  on  both  Sides,  is  affeCted  with  a  tremulous  Motion. 

We  faid  that  the  Diftance,  at  which  Light  aCts  upon  Bodies,  is  2742» 
not  altogether  infenfible  *  ;  this  alfo  appears  in  the  fecond  Experi-  *  27  25. 
ment ;  for  if  the  Diftance  between  the  Edges  be  equal  to  a  fortieth 
Part  of  an  Inch,  none  of  the  Light  pafles  on  in  a  ftrait  Line,  but 
it  is  all  turn’d  afide. 

From  the  fecond  Experiment  we  alfo  infer,  that  the  repellent  2743. 

Force  diminifhes,  as  the  Diftance  increafes ;  this  we  have  alfo  af¬ 
firm’d  of  Attraction  which  alfo  is  deduc’d  fmm  Experiment.  *  2725. 

Experiment  4.  \ 

When  the  Diftance  between  the  Edges  is  fo  diminifh’d  in  the  2744* 
fecond  Experiment,  that  no  Light  pafles  between  them  in  a  ftrait 
Line,  if  the  Diftance  be  ftill  diminifh’d,  the  Borders  diiappear 
fucceflively,  ’till  the  Edges  being  join’d,  no  Light  pafles  between 

them* 


It 
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It  is  manifeft  that  thofe  disappear  firft,  which  are  made  by  the 
Rays,  more  remote  from  the  Edges,  and  that  thofe  difappear  laft, 
that  are  made  by  the  Rays  that  pafs  along  the  neareft  to  the  Edges. 
But  the  inward  Borders,  which  are  made  by  the  Rays  lefs  bent, 
difappear  firft,  and  the  outward  ones  laft  ;  which  fhews,  that  thofe 
Rays  are  the  moft  bent,  which  pafs  along  attheleaft  Diftancefrom 
the  Edges. 

Experiment  5. 

The  principal  Phenomena,  obferv’d  in  the  foregoing  Experi- 
PI.86.F.2.  ment,  may  be  feen  at  one  View  only,  if  the  Plate  H  be  a  little  in- 

*  2730.  din’d,  in  fuch  Manner,  that  the  Edges  may  make  a  fmall  Angle  *, 

and  be  contiguous  at  one  End.  Then  as  the  Rays  pafs  between 
the  Edges,  we  fee  at  the  fame  Time,  what  obtains  at  different  Di- 
PI.86.F.5.  fiances 3  this  is  reprefented  at  Fig.  5. 

2747.  The  Phenomena,  hitherto  explain’d,  differ  but  in  one  Circum- 
ftance  from  thofe,  which  we  obferve,  when  the  Steel  Plates  are  fo 
difpos’d,  that  the  Rays  may  not  come  to  one  Edge,  without  paf- 
fing  over  the  other. 

2748.  Let  H  be  one  Plate  ;  I  the  other,  more  remote  from  the  Hole, 
P1.86.F.6.  through  which  the  Light  enters ;  the  Phenomena  are  eafily  dis¬ 
cover’d. 

*  2723.  The  Rays  which  pafs  near  H,  are  attraded  *,  and  repell’d  -j* ; 
-f-  2726.  the  firft  are  fenfible,  becaufe  they  are  bent  towards  the  Shadow; 

the  others  are  mix’d  with  them,  which  do  not  pafs  diredly  beyond 
the  Sphere  of  Repulfion.  The  fame  Thing  obtains  with  refped 
to  the  Rays,  that  pafs  near  the  other  Edge,  and  we  obferve  the 

*  2736,  6me  Things,  as  were  mention’d  in  the  firft  Experiment  *. 

2749.  If  the  Space,  between  the  Edges,  through  which  the  Light 
paffes,  be  fo  narrow’d,  that  there  may  be  paffage  only  for  thofe 
Rays,  upon  which  the  firft  Edge,  namely  that  of  the  Plate  H, 
ads,  thofe  Things  happen,  which  were  explain’d  in  the  fecond 

*  2733.2740  Experiment  * ;  both  Edges  ad  upon  all  the  Rays,  they  are  repell’d 

by  one,  which  are  attraded  by  the  other,  which  alfo  immediately 

*  2741.  appears,  if  the  third  Experiment  *  be  repeated  in  thefe  Circum- 

ftances. 

2750.  In  the  fourth  Experiment  *  we  perceive  this  only  Difference,  all 

*  2744.  the  Borders  at  the  Part  of  the  hind  Plate  I  difappear,  thofe  remain¬ 

ing,  which  are  painted  at  the  other  Part. 

275r*  When  the  Space,  through  which  the  Light  can  pafs,  is  very 
narrow,  the  Light,  refleded  from  the  Edge  H,  as  alfo  all  that 

which 
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whieh  paffes  in  a  right  Line,  runs  againft  the  Plate  I,  and  is  inter- 
cepted ;  but  that,  which  is  attracted  by  H  and  is  -  1 

pafles  through  the  Sphere  of  Repulfion  of’  the  Edo-e  I .  ^then^no 
Light  is  bent  towards  I.  If  any  of  this  bent  I  ,Vb?  f  11  •  ? 

Sphere  of  Attraction  of  the  laft  Plate,  the  Effedt  cannot  be  lenfible! 

Experiment  6. 

pofe  P1^  is 

Manner,  that  the  Edges  mav  not  he  noroll  ,  "  t,lat  PIate  in  f«ch 
be  a  little  inclin’d  with  refpedl  to  the  oriier  in^fifthT 

ment  *  ;  and  we  place  them  fo  that  all  the  T  ;  Kf  , ‘  Expcn- 
cepted  at  one  End  the  Ll§ht  maf  be  inter- 

*.AIph™r™  ST  £'dtliS  Experiments, 

through  which  the  E^,  Ss  arc  Sd  “h 
the  fifth  Experiment -  theF, W  fPu-u-  at  0nc  Vlew>  in 

here  obferv’d,  only  differs  from  theFiVure  of  thTf^fif hT^  13 
nment  with  refpedl  to  the  Rave  Air  g  •  tb  Paid  t-xpe- 

thofe  are  intercepted,  which  are  bentTfth™2  at  °ne  Part>  before 

We  freely  acknowledge  t£t  the  X  r  0pP°fitePart  * 

Repulfion  of  Light  are  concealA  7  ^  u  th,e  Attra^on  and 

explain’d  in  this  Chanter  fiillv  •r°m  VSj  ,'Ut  t  lc  ^Experiments, 
more  might  be  added  which  Ho  VlnCe>.  tbar  .t  j1C'y,^°  rea^y  obtain ; 
tradtion  and  Repulfion  but  "vm  d<Ad f° dire<aiy  Pr°ve At- 

if  there  was  Ocfafion  what  ha^^  ^  fr°m  th^> 
confirm’d  by  other  Arguments.  ^  Ilhei  t°  exPlain’d>  migbt  be 


2752. 

P1.86.F.2, 

*  2731. 

*  2746. 

P1.86.F>7. 


*  2550. 
2753* 
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B  O  O  K  V. 

Part  II.  Of  the  Refra£lion  of  Light. 


CHAP.  IV. 

Of  the  Machines ,  whereby  the  Experiments  concerning 
the  RefraSiion  of  Light  are  made . 

2 7*1  OEVERAL  Machines,  of  which  many  are  finally  are  made 
^  ufe  of,  in  the  Experiments,  which  belong  to  this  fecond  Part 
of  this  Book ;  but  as  I  often  ufe  the  fame  Machines,  I  thought  it 
beft,  to  explain  them  firft,  that  the  Series  of  the  Explanation  may 
not  be  too  often  interrupted. 

A  BOX, 

In  which  others  are  inclos'd. 

2755*  This  Box  AB  is  about  two  Foot  and  an  half  long*  and  five 
PL87.F.1.  Inches  broad  and  deep.  The  Sides  have  Openings,  the  middle  Part 
being  taken  away,,  and  the  extreme  Parts  only  remaining,  as  C,  D. 
The  middle  Part,  which  is  taken  away,  is  fupplied  by  two  Boards 
on  each  Side ;  as  E  F,  at  the  fore  Part  of  this  Figure  5  H,  G, 
behind.  Thefe  Boards  are  moveable  in  Grooves  as  a  b  ;  F  is  re- 
prefented  in  fuch  a  Pofition,  that  if  they  were  all  thus,  the  Box  is 
open'd  laterally,  as  much  as  it  can  be. 

27 56.  The  Board  G  is  reprefented  drawn  out  of  it's  Place  3  if  H  Ihou'd 

be  drawn  out  in  the  fame  Manner,  this  wou’d  meet  G  ;  thus 
alfo  E  and  F  may  meet. 

2757*  The  Box  is  open  at  Top,  as  alfo  at  the  End  B  ;  one  End  is 
clos'd,  the  Hole  d  being  left  in  the  Middle,  whofe  Diameter  is  an. 
Inch  and  a  Quarter, 

B  O  X  E  S, 
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BOXES, 

terminated  by  Glafs  Planes . 


The  Box  ML  I  has  a  wooden  Bottom  ;  the  End  I  is  alfo  closM  2758. 
by  a  wooden  Plate  5  the  other  three  Sides  are  of  Glafs  5  but  the  PI.87.F.2,, 
Pillars  L  and  M  are  of  Wood.  The  Glafs  Plates  are  plane  and 
fmooth,  and  like  thofe  of  which  looking  Glafles  are  made ;  thefe 
go  into  Grooves  in  the  Wood,  and  are  fatten'd,  that  the  Box  may 
hold  Water. 

We  have  another  Box  of  a  fomewhat  different  Conftrudtion,  and 
I  prefer  this  fecond  Method  $  I  only  made  mention  of  the  firft  ; 
becaufe  the  Box  is  more  eafily  made,  when  the  Glafles  are  put  into 
Wood. 

The  Bottom  of  the  Box  P  is  made  of  a  Brafs  Plate  RS,  whole  27 co 
Ends  being  bent  make  Feet,  whereby  the  Box  is  rais'd  about  one pj  p 
Inch.  '  *' 

To  this  Plate  are  join’d,  and  ftand  perpendicularly  upon  it,  the 
four  Brafs  Rulers,  a  by  b  c,  c  dy  da ,  whofe  Ends  are  join’d  at 
by  cy  d .  The  four  Sides  of  the  Box  are  of  Glafs,  made  of 
Plates,  like  thofe  above-mention’d.  Thefe  Plates  are  applied  to  a 
Copper  Bottom  in  fuch  Manner,  that  they  are  furrounded  by  the 
Brafs  Rulers,  a  fmall  Interftice  being  left ;  the  Extremities  of  the 
Plates  come  together,  but  fo  that  the  fmaller  Plates  may  be  plac'd 
between  the  greater  ones. 

The  Glafs  Plates  are  join’d  to  the  Bottom,  and  the  Rulers,  and 
together,  by  putting  between  them  a  Mixture  of  Rofin,  and  white 
Wax,  in  a  fmall  Quantity. 


B  O  X  E  S, 

that  have  fpherical  Glajfes * 

The  Box  P  is  of  Wood,  nine  or  ten  Inches  long,  and  three  broad  2761. 
in  the  Infide.  At  the  Ends  of  it  there  are  Holes,  one  of  which  pj. 88, F.t* 

appears  at  V ;  thefe  are  clos’d  with  thin  Glafles,  making  Portions 

of  Spheres,  which  are  put  into  the  Wood,  and  fatten’d  with  Ce¬ 
ment.  We  make  ufe  of  fuch  Glafles  as  are  us’d  in  Watches ; 

thofe  are  to  be  made  choice  of  which  are  every  where  of  the  fame 
Thicknefs,  and  are  thin.  Thefe  Glafles  are  fo  plac’d,  that  the 
Convexity  of  the  one  may  ftand  out  beyond  the  Box,  and  that  of 
the  other  may  be  turn’d  towards  the  Infide  of  the  Box.  It  is  alfo 
to  be  obferv’d,  that  the  Diameter  of  the  Holes,  to  which  the 

R  2  Glafles 
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Gaffes  are  applied  are  equal  to  an  Inch  and  a  Quarter  ;  but  that 
the  Diameters  of  the  Glaffes  ought  to  exceed  them  half  an  Inch. 

A  Section  of  the  Box  along  the  Length  is  reprefented  at  p ,  the 
Glaffes  appear  at  v3  v. 

The  Boards  T,  S,  are  fometimes  put  into  the  Box ;  they  go 
acrofs  it,  and  are  fuftain’d  by  Means  of  the  Prominences  a>  b,  and 

b ,  and  reach  almoft  to  the  Bottom  :  But  that  they  may  keep 
their  vertical  Situation,  when  Water  is  pour’d  into  the  Box,  Lead 
is  put  into  the  Wood  at  c  d,  cd. 

In  the  Board  S  is  faften’d  the  Glafs  Q,  convex  on  both  Sides, 
which  collects  the  Sun’s  Rays  at  the  Diftance  of  an  Inch. 

The  Board  T  is  made  white  y  but  S  muff  be  made  black,  as 
alfo  all  the  Boxes,  and  moft  other  Inftruments,  which  are  us’d  in 
Experiments  concerning  Light, 

To  the  Box  P  is  join’d  another  A  D  B,  open  at  A  in  fuch  Man¬ 
ner,  that  either  End  of  the  Box  P  may  be  put  into  this  End.  One 
End  of  the  Box  AB,  namely  D,  is  clos’d,  and  has  a  Hole  in  the 
Middle  of  it :  The  Hole  is  equal  to  the  Holes  in  the  Box  P,  and 
anfwers  to  them  in  fuch  Manner,  that  when  the  Boxes  are  join’d 
together,  Light  may  be  tranfmitted  through  the  three  Holes. 

A  third  fmaller  Box  is  reprefented  at  E  F  5  in  one  of  it’s  long 
Sides  there  are  two  Holes  V,  R,  equal  and  fimilar  to  thofe,  which 
are  in  the  Box  P,  and  clos’d  in  the  fame  Manner  with  Glaffes  *  y 
the  Convexity  of  the  Glafs  at  V  is  on  the  Outfide,  at  R  it  is  on  the 
Infide.  In  the  oppofite  Side  G  there  is  put  a  plane  Glafs  Plate,  that 
the  Light  may  come  diredtly  to  V  and  R. 

The  tranfverfe  Sections  of  this  Box,  along  the  Centers  of  the 
Glaffes  R  and  V,  are  reprefented  at  H  and  I  y  the  Glaffes  appear 
at  r,  v. 

A  GLASS  CUBE. 

The  Cube  C  is  made  of  pure  Glafs  y  this  muff  be  nicely  work’d,, 
fo  that  the  Figure  may  be  accurately  cubical.  It’s  Surfaces  muff 
be  plain,  fmooth,  and  well  polifli’d.  The  Sides  are  equal  to  two 
Inches. 

In  the  Experiments  this  Cube,  that  it  may  not  be  damag’d,  is 
put  upon  a  Piece  of  black  Cloth.  It  is  convenient  to  make  ufe  of 
a  Board  as  T,  ,  cover’d  with  fuch  a  Cloth, 
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BOARDS, 

Through  which  Light  is  tranfmitted. 


We  make  ufe  of  various  vertical  Boards,  for  this  Purpofe.  In  the  2768, 
firft,  whofe  fore  Part  and  hind  Part  is  reprefented,  there  is  a  vertical  PI.87.F.5, 
Incifion  ab ,  which  is  a  Quarter  of  an  inch  broad.  This  is  clos’d 
at  the  fore  Part  of  the  Board,  with  a  Plate  of  Wood  A,  which  is 
dove-tail’d,  and  moves  between  two  Rulers  By  this  Method  the 
Aperture  is  terminated,  wherefbever  you  pleafe,  toward  this  upper 
Part. 

Behind  the  Table  there  is  applied  to  it  a  Board  B,  which  is  alfo 
dove-tail’d,  and  moves  between  two  horizontal  Rulers.  By  Help 
of  this  the  Aperture  is  terminated  as  you  pleafe  towards  the  Bottom. 

The  two  Pieces  of  Wood  are  made  ufe  of  both  together,  that  the 
Aperture  may  be  rais’d,  deprefs’d,  and  extended  at  Pleafure. 

There  is  a  fecond  Board  that  differs  little  from  the  firft  ;  it’s  In-  2769. 
cifion  is  horizontal  half  an  Inch  broad,  which  is  diminifh’d  at  PL  8  7  .F.  6» 
Pleafure,  by  one  dove-tail’d  Plate  only,  which  moves  between 
Rulers.  It  is  fufficient  to  diminifh  the  Aperture  towards  one  Way, 
becaufe  the  Board  itfelf  may  be  mov’d  horizontally. 

We  have  Occafion  for  a  third  Board  T  like  the  other  $  the  Aper-  2770. 
ture  of  this  is  greater,  being  an  Inch  and  a  Quarter  broad,  and  is  Pl.87-F.7i 
terminated  by  a  Semicircle  both  Ways  -y  above  this  there  moves  be¬ 
tween  two  Rulers  another  Board  H,  which  has  a  Hole  in  the  Mid¬ 
dle  of  A.  To  the  Hole,  whofe  Diameter  fhou’d  be  equal  to  an 
Inch  and  a  Quarter,  is  applied  and  put  into  the  Wood  a  convex 
Glafs,  which  collects  the  Rays  of  the  Sun  at  the  Diftance  of  about 
eight  Inches. 

The  Glafs  U  anfwers  to  the  Aperture,  and  may  be  rais’d,  or  2771^ 
deprefs’d,  the  Space  of  one  Inch,  without  intercepting  the  Rays 
tranftnitted  through  the  Glafs. 

We  alfo  make  ufe  of  a  fmaller  Board  T  which  is  furnifh’d  with  2772. 
alike  Glafs.  A  Section  of  this  Board  is  reprefented  at  t  when  this  P1.88.F.4» 
is  put  into  one  or  other  of  the  Boxes  mention’d  in  N.  2755,  or 
2765,  the  Light,  which  is  admitted  through  the  Hole  at  the  End 
of  the  Box,  is  tranfmitted  through  the  Glafs,  which  is  to  be  fo  or¬ 
dered,  that  the  Center  of  it  may  anfwer  to  the  Center  of  the  Hole,- 
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AN  HORIZONTAL  BOARD. 

Oftentimes  Xnftruments,  and  other  Things  are  to  be  rais’d  upon 
.  a  Table  to  a  determined  Height  which  is  different  according  to  dif¬ 
ferent  Circumftances.  For  this  Purpofe  we  make  ufe  of  a  Board 
T,  whofe  Foot  is  reprefented  at  P.  The  Pillars  C,  C,  which  pafs 
through  the  Holes  a ,  b,  of  the  Board  T,  which  is  then  horizontally 
fuftain’d  by  the  round  outward  Screws  E,  E,  which  are  placed  at 
the  required  Height.  The  Board  is  faften’d  by  applying  to  it  the 
like  outward  Screws  D,  D. 

All  the  Figures  of  the  Machines  explain’d  in  this  Chapter,  I  re¬ 
duce  to  a  fixth  Part  of  the  true  Magnitude. 

*  *  1  •*  *  * 

TABLES, 

Whofe  Height  may  be  alter'd . 

We  make  ufe  of  feveral  Tables  of  this  Kind;  I  make  ufe  of 
three ;  the  length  of  one  is  two  Foot  and  an  half,  and  it’s  breadth 
two  Foot. 

There  are  two  other  fmaller  ones  fifteen  Inches  long,  and  a  Foot 
broad. 

The  Conftruftion  of  them  is  commonly  known ;  to  each  there 
is  firmly  join’d  a  fquare  wooden  Pillar,  almoft  two  Inches  broad 
and  thick,  which  fupports  the  Table.  This  Pillar  is  moveable  in  a 
Sheath,  which  is  made  of  four  thin  Pieces  of  Wood.  This  is 
fuftain’d  in  a  vertical  Pofition,  at  the  Height  of  about  eight  Inches 
from  the  ground,  three  Feet  being  faften’d  to  it’s  lower  End,  which 
fpread  at  Bottom. 

The  Table  is  rais’d  atPleafure,  by  drawing  the  Pillar  out  of  the 
Sheath,  more  or  lefs ;  it  is  faften’d  by  Means  of  an  Iron  Screw 
which  pafles  through  a  Ring  of  the  fame  Metal,  which  furrounds 
the  upper  Part  of  the  Sheath.  That  the  Wood  may  receive  no  Da¬ 
mage  a  Copper  Plate  is  put  between  in  fuch  Manner,  that  the 
Screw  preffes  one  End  of  it,  whilft  the  other  End  coheres  with  the 
inward  Surface  of  the  Sheath,  that  the  Plate  may  not  fall  out  of 
it’s  Place.  By  a  like  Method  or  any  other  Method,  a  Rectangle 
made  of  wooden  Rulers  is  rais’d  at  Pleafure,  and  faften’d,  to  which 
is  applied  a  Paper,  upon  which  the  Light  falls,  in  many  Experi¬ 
ments.  Such  a  Rectangle  is  of  ufe  in  the  Experiments  of  the 
foregoing  Chapter, 
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CHAR  V. 

Of  the  Ref  ration  of  Lights  and  its  Laws . 

Def  in  I  T  1  ON  I. 

£VERT  thing  that  gives  a  Paffage  to  Light  is  caltd  a  2776* 
Medium .  > 

All  pellucid  Bodies,  *  a  Vacuum,  are  Mediums.  •  2614» 

Whilft  a  Ray  of  Light  goes  out  of  one  Medium  into  another, 
it  often  turns  out  of  it's  Way. 

Definition  2* 

This  Inflection  is  call'd  Refraction. 

In  order  to  produce  Refraction ,  the  Medium  mufl  be  of  different  2777« 
Lenflties ,  and  the  Ray  make  an  oblique  Angle  with  the  Surface  which  2778» 
feparates  the  Mediums . 

Refraction  arifes  from  thisy  that  the  Rays  are  more  attracted  by  a  2779« 
denfe  than  by  a  rare  Medium ;  from  which  Attraction,  all  that  we 
have  proved  in  the  foregoing  Chapter,  relating  to  RefraCtion,  is 
deduc’d. 

Let  EF  be  the  Separation  of  the  Mediums ;  let  the  Medium  be  PI.89.F.X 
denfer,  and  rarer  towards  Z.  All  the  Particles  of  Matter  attract 
Light  *.  Let  the  Diftance,  at  which  Particles  exert  their  Action,  *  2723,- 
bethat  contained  between  theLines  EF,  and  GH.  Therefore  the  2780,- 
Light ,  which  comes  between  thefe  Lines,  will  be  attracted  by  the 
denfer  Medium  X ;  and  indeed  perpendicularly  to  the  Surface ,  which 
feparates  the  Mediums  ;  for  the  oblique  Actions  on  every  Side  are 
fimilar  and  equal,  and  jointly  draw  perpendicularly. 

At  the  Diftance  of  the  Line  G  H,  the  extreme  Particles  of  the  278  r. 
Medium  X  do  only  aCt  upon  the  Light  5  at  a  lefs  Diftance,  both 
thefe  and  other  Particles  aCt  fo  as  to  increafe  the  attractive  Force, 
when  the  Diftance  is  diminifh’d,  as  has  been  obferv’d  before  *  272  Jo¬ 
in  the  denfer  Medium  X,  let  the  Line  I L  be  at  the  fame  Diftance 
from  E  F  as  G  H  is  in  the  Medium  Z.  Let  the  Light  enter  into 
the  Medium  X,  and  it  will  every  Way  be  attracted  by  the  Particles 
of  the  Medium,  whofe  Diftances  from  the  Light  are  lefs  than  the 
Diftance  between  E  F  and  GH;  for  at  that  Diftance  the  Light  is 
fuppofed  to  be  attracted  by  the  Particles  of  the  Medium  X. 
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As  long  as  the  Light  is  between  the  Lines  E  F  and  I G,  the  at¬ 
tractive  Force  is  the  ftrongeft  towards  I L ;  becaufe  there  are  more 
Particles  that  attract  that  Way  :  But  as  the  Number  of  Particles, 
aCting  the  contrary  Way,  does  increafe,  that  is,  as  the  Diftance 
from  EF  increafes,  the  Force  towards  I  L  diminifhes,  till  the  Light 
be  equally  attracted  every  Way  in  that  Line  IL,  which  alfo  is  every 
where  fo  in  the  Medium  X  beyond  I L. 

Suppofe  a  Ray  of  Light  A  a  to  fall  obliquely  upon  the  Surface 
dividing  the  Mediums,  or  rather  on  the  Surface  G  H,  where  the 
Action  begins,  by  which  the  Light  is  driven  towards  the  Medium 
X ;  when  the  Ray  comes  to  a>  it  is  turned  out  of  the  right  Line  by 
the  Force,  wherewith  it  is  driven  towards  it  in  a  Direction  perpendi¬ 
cular  to  it’s  Surface.  And  indeed  the  Ray  of  Light  is  bent  out  of 
the  right  Line  in  every  Point,  fo  long  as  it  is  between  the  Lines 
G  H  and  I L,  between  which  the  faid  Attraction  aCts ;  and  fo  the 
Ray  defcribes  the  Curve  a  b  between  thofe  Lines,  after  the  fame 
Way  as  has  been  faid  Projectiles  do  *  the  ACtion,  bending  the  Ray, 
ceafes  beyond  the  Line  I L  ;  therefore  it  goes  on  afterwards  in  a 
right  Line  b  B,  being  the  Tangent  to  the  Curve  in  the  Point  b. 

The  Diftance  between  the  Lines  G  H  and  I L  is  but  fmall : 
Therefore  in  Refraction  we  take  no  Notice  of  the  bent  Part  of  the 
Ray ,  which  is  confider'd  as  made  up  of  two  right  Lines  AC,  C  B, 

•  meeting  in  C,  viz.  In  the  Surface  feparating  the  Mediums . 

Through  C  draw  N  C  M  perpendicular  to  the  Surface  E  F. 

Definition  3. 

The  Part  AC  of  the  faid  Ray ,  is  call'd  the  incident  Ray . 

The  Angle  A  C  N  is  the  Angle  of  Incidence 

/ 

Definition  4. 

The  Part  CB  of  the  Ray ,  is  call'd  the  refracted  Ray . 

Definition  5. 

The  Angle  BCM  is  call'd  the  Angle  of  Refraction . 

In  this  Cafe  when  Light  goes  out  of  a  rarer  into  a  denfer  Medium , 
the  Angle  of  RefraCtion  is  lefs  than  the  Angle  of  Incidence  ,  for  thefe 
Angles  wou’d  be  equal,  if  the  Ray  A  C  fhould  have  continued 
on  it’s  ftrait  Way,  along  the  Line  CD.  But  the  Ray  CB  comes 
nearer  to  the  perpendicular  C  M  ;  and  therefore  the  RefraCtion  is 
faid  to  be  made  towards  the  perpendicular . 
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On  the  contrary,  if  the  Ray  goes  out  of  a  denfer  Medium  into  a  2788. 
rarer ,  it  will  recede  from  the  Perpendicular  ;  becaufe  the  denfer 
Medium  attradts  the  Ray  after  the  fame  Manner,  whether  it  goes 
out  of  a  rarer  into  a  denfer,  or  out  of  a  denfer  into  a  rarer  Me¬ 
dium.  Therefore  if  B  C  be  the  Ray  of  Incidence,  C  A  will  be 
the  refradted  Ray,  that  is,  let  the  Ray  come  from  either  Side ,  and  27^9* 
it  will  move  in  the  fame  Line . 

Therefore  if  there  be  two  Rays ,  and  one  comes  out  of  a  denfer  into  2790, 

a  rarer  Medium ,  and  the  other  out  of  a  rarer  into  a  denfer ;  and  the 
jingle  of  Refradtion  of  the  one  be  equal  to  the  Angle  of  Incidence  of 
the  other ,  the  two  Angles  of  Incidence  and  Refradtion  remaining  will 
be  equal  to  each  other . 

Let  X  be  a  Medium  terminated  by  the  Parallel  Surfaces  EF,  2791. 
HL,  by  which  Z  is  feparated  from  the  fame  Medium  on  both  Ph89.F.2d 
Sides ;  we  fuppofe  X  to  be  denfer,  it  is  no  Matter  if  it  be  rarer. 

The  Light  enters  along  A  C,  is  refradted  along  C  B,  and  goes  out 

along  B  G,  N  C  M,  P  B  O,  being  drawn  perpendicular  through  C 

and  B,  the  Angle  MCB,  CBO  are  equal  *  therefore,  by  Reafon  *  29.ELX* 

of  Attraction  on  both  Sides  adting  in  the  fame  Manner,  the  Angles 

A  C  N,  P  B  G,  are  alfo  equal,  but  the  Angle  M  C  B  is  the  Angle 

of  Refradtion,  and  the  Angle  C  B  O  is  the  Angle  of  Incidence  in 

the  fecond  Refradtion  ;  therefore  the  two  other  are  equal. 

From  whence  it  follows,  that  the  Direction  of  the  Ray  is  not  27 92* 
changed ,  if  it  moves  through  a  Medium  terminated  by  two  parallel 
Surfaces :  For  as  much  as  it  is  turned  at  it’s  Entrance  towards  one 
Side,  fo  much  exadtly  is  it  turned  the  other  Way  as  it  goes  out  of 
the faid  Medium.  It  is  manifeft  that  the  Rays  AC,  B G,  which 
are  equally  inclin'd  to  the  Parallels  M  N,  OP,  are  alfo  parallel. 

If  a  Ray  falls  perpendicularly  upon  the  Surface  feparating  two  Me -  2793, 

diums ,  it  will  not  be  turned  out  of  a  right  Line  by  the  Attraction  of 
the  denfer  Medium  $  becaufe  in  that  Cafe  it  adts  in  the  Direction  of 
the  Ray. 

Experiment  i. 

We  fatten  the  fmall  Side-Board  *  to  the  Box,  in  which  the  2794. 
Helioftate  is  inclos'd,  in  fuch  Manner  that  it  may  not  quite  clofe  PI. 8 9. F. 3. 
the  Aperture,  to  which  it  is  applied  -f*  ;  but  it  wants  three  Inches  *  2703. 
towards  the  Bottom,  where  there  is  left  open  a  fquare  Hole,  through  ^  2707; 
which  Light  is  to  be  reflected  horizontally  But  in  order  to  ex-  *  2690. 
elude  the  extraneous  Light,  we  apply  a  fquare  wooden  Tube,  about 
a  Foot  long,  and  the  Light  is  directed  through  the  Tube. 
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This  Tube  is  laid  upon  a  fmall  Table,  whofe  Height  may  be 
alter’d  *. 

If  the  following  Experiments  are  to  be  made  without  the  He- 
lioftate,  the  Light  is  let  into  a  Place  which  is  otherwife  clos’d 
through  a  fquare  Hole  of  three  Inches  in  the  Window,  and  re¬ 
flected  horizontally  *. 

We  make  ufe  of  the  long  Box  C  A  defcribed  above  *  3  which 
we  fo  difpofe,  that  the  Light  may  enter  in  through  the  open  End, 
and  follow  the  length  of  the  Box.  The  Light  in  it’s  Ingrefs  is  in¬ 
tercepted  by  the  Board  T  *,  and  only  let  through  a  Slit  in  it. 

When  the  Box  is  open  towards  the  Sides,  we  put  through  it  the 
Box  P,  which  is  terminated  by  Glafs  Planes  *  in  a  tranfverfe  Pofi- 
tion.  Towards  this  are  mov’d  the  fide  moveable  Boards  of  the 
firft,  which  is  thus  clos’d  as  much  as  poflible. 

Water  is  pour’d  into  the  Box  P  to  half  it’s  Height,  fo  that  a 
Ray  of  Light  paflfes  partly  through  the  Water,  and  partly  above  it. 
The  Aperture  of  the  Slit  in  the  Board  T  muft  be  fo  terminated, 
that  the  Light  may  not  fall  upon  the  Bottom  of  the  Box  P,  nor  pafs 
above  the  Box  *. 

Thefe  Things  being  thus  order’d,  and  the  Box  being  turned  in 
fuch  a  Manner,  that  a  Ray  may  fall  upon  a  b  perpendicular  to  it’s 
Surface  ;  the  Light  will  pafs  through  the  Water  in  a  right  Line,  as 
alfo  through  the  upper  Part  of  the  Box,  and  neither  in  it’s  coming 
in,  nor  in  it’s  going  out,  will  it  be  turned  out  of  it’s  Way,  as  was 
laid  in  N.  2793. 

Experiment  2. 

The  fame  Things  being  fuppos’d,  let  a  Ray  fall  obliquely  up¬ 
on  the  Surface  of  the  Box  3  the  upper  Part  of  the  Ray  will  con¬ 
tinue  it’s  Motion  through  c  to  d  in  a  right  Line  3  but  the  lower 
Part  in  the  Water,  will  be  bent  towards  approaching  towards 
the  Perpendicular ;  Which  confirms  Number  2787. 

Experiment  3. 

Things  remaining  as  in  the  foregoing  Experiments  5  the  Ray 
which  at  e ,  pafles  out  of  the  Water  into  the  Air  along/' ey  is  turn’d 
out  of  it’s  Way  in  receding  from  the  Perpendicular  3  and  indeed  in 
fuch  Manner,  as  to  follow  the  fame  Direction  with  the  Ray  falling 
upon  the  Water  at  e  3  for  a  cd>  e  f  are  parallel.  Which  confirms 
Numbers  2788,  2789,  2792, 
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Experiment  4. 

Thefe  Experiments  anfwer  in  the  fame  Manner,  if  inftead  of 
Water  we  make  ufe  of  Giafs.  Then  we  ufe  another  Box  AD  *  $  pf 
the  open  End  of  which  is  clos’d  by  the  Board  T  -f*,  as  in  the  fore-  * 
going  Experiments.  Part  of  the  Light  palTes  through  the  Giafs  4* 
Cube  C  and  Part  pafles  above  it ;  if  we  make  the  three  lalt  * 
Experiments  this  Way,  the  Event  will  be  the  fame  ;  but  the  Re¬ 
fraction  is  greater  in  the  Giafs  than  in  the  Water. 

To  make  the  Way  of  the  Light  along  the  Air  fenfible  to  us,  we 
put  Flower  into  a  Bag  made  of  fine  Linen,  and  tie  up  the  Mouth 
of  it.  This  is  lhaken,  that  the  Flower  may  be  difpers’d  in  that 
Place,  along  which  the  Light  pafles ;  which  in  palling  along  illu¬ 
minates  ltrongly  the  finall  Particles  of  the  Flower,  which  come 
in  it’s  Way. 

In  what  has  been  laid  hitherto,  we  have  only  confider’d  the  At¬ 
traction  of  the  more  denfe  Medium,  becaufe  this  prevail?  •  but 
the  ACtion  of  the  rarer  Medium  is  not  to  be  overlook’d,  becaufe 
this  diminilhes  the  ACtion  of  the  denfer  Medium,  which  widbe  fo 
much  the  lefs  upon  the  Light,  as  the  Mediums  differ  Id's  from  cue 
another  in  Denfity.  Therefore  there  is  no  RefraClion^  when  the 
Denfities  of  the  Mediums  are  equal  •>  and  it  is  the  greater ,  the  mere 
thefe  Denfities  differ  from  one  another. 

The  Laws  of  RefraCtion  are  deduc’d  from  the  Acceleration, 
which  the  Attraction  generates. 

The  Attraction  obtains  between  the  Planes,  reprefented  by  the 

Lines  GH  and  IL,  and  no  farther  *.  PI 

* 

Defini  t  ion  7. 

For  this  Reafon  we  call  the  Space ,  terminated  by  thefe  Planes ,  the 
Space  of  Attraction, 

In  the  following  Scholium  we  demonftrate  that,  although  the 
ACtion  of  a  Body  upon  Light  be  directed  perpendicular  to  the  Sur¬ 
face,  the  Acceleration  of  Light,  in  it’s  Motion  from  a  more  rare 
into  a  denfer  Medium,  or  the  Retardation  in  a  contrary  Motion, 
is  the  fame,  in  what  Direction  foever  the  Light  be  carried  ;  the 
Acceleration,  or  Retardation,  is  indeed  lefs  in  a  more  oblique  Mo¬ 
tion,  but  it  lafts  longer,  which  makes  a  Compenfation. 

Therefore,  there  is  a  conflant  Ratio  between  the  Velocities  of  Light 
in  two  given  Mediums .  This  may  indeed  be  demonftrated,  by  ap¬ 
plying  here,  what  was  demonftrated  concerning  the  Defcent  of 
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heavy  Bodies  in  the  firft  Book  ;  but  it  is  illuftrated  more  in  the  faid 

2809.  Scholium,  in  which  we  alfo  demonftrate,  that  in  every  Inclination 
of  the  incident  Ray  there  is  a  conflant ,  and  immutable  Ratio  between 

2810.  the  Sines  of  the  Angles  of  Incidence  a?td  Refraction  $  and  that  thefe 
Sines  are  inverjly ,  as  the  Celerities  in  thofe  Mediums. 

2811.  If  the  Mediums  be  Air  and  Water,  the  faid  Sines  are  as  4  to  3, 
and  the  Celerities  of  Light  in  the  Air  are  to  it's  Celerity  in  Water, 
as  3  to  4.  But  if,  the  Air  remaining,  the  other  Medium  be 
Glals,  the  Sines  are  as  17  to  11  ;  one  Experiment  will  fuffice  to 
{hew  this  with  refpedt  to  all  the  Mediums. 

2812.  The  Angle  D  C  M,  is  equal  to  the  Angle  of  Incidence  A  C  N  *, 
*  15.  El.  1.  and  the  Quadrant  of  the  Circle  F  DM  being  defcrib’d,  the  Sine  of 

that  Angle  is  D  0 ;  the  Sine  of  the  Angle  of  Refradtion  B  C  M  is 
T  R  ;  the  Ratio  between  thefe  is  conflant.  V  D  B  being  drawn 
parallel  to  C  M,  B  S,  which,  with  D  0  and  R  T,  we  fuppofe  per- 
*34. El.  1.  pendicular  to  CM,  is  equal  to  Do  * ;  and  the  faid  conftant  Ratio 
will  take  Place  between  B  S  and  RT;  as  alfo,  by  Reafon  of  the  fimi- 

*4.  E1.6.  lar  Triangles  BSC,  T  R  C,  between  B  C,  and  T  C  *,  or  DCj 
for  thefe  are  Rays  of  the  fame  Circle  5  but  if  we  fuppofe  the  Circle 
defcrib’d  with  the  Center  C,  through  the  Point  V,  the  Lines  B  C, 

2813.  D  C,  are  the  Co-fecants  of  the  Angles  of  Ref  ration  and  Incidence  ; 
which  therefore  are  inverjly  as  the  Sines  of  the  fame  Angles  3  which 
is  the  known  Property  of  Co-fecants. 

It  is  confirm’d  by  the  following  Experiment,  that  there  is  a  con¬ 
ftant  Ratio  between  the  faid  Co-fecants. 


Experiment  5. 

2814.  We  make  ufe  of  the  fame  Box  MI  that  was  us’d  In  the  firft 
PI.90.F.  1.  Experiment ;  this,  as  in  that  Experiment,  is  half  fill’d  with  Wa- 
*2753.2759.  ter  5  the  Light  is  tranfmitted  through  the  fame  Board,  as  was  in 
the  faid  Experiment.  The  Box  is  fo  difpos’d,  that  the  Light  may 
enter  into  it  obliquely  through  the  Glafs  Plate  at  the  End  of  it ; 
the  Ray  pafles  through  this  Plate  in  the  Line  a  b ,  the  upper  Part 
moves  above  the  Water  in  a  right  Line  along  a  c,  and  runs  againft 
the  Side  of  the  Box  at  c  ;  the  lower  Part  is  refradfed  along  b  e>  and 
ftrikes  againft  the  fame  Side  at  e .  Plowfoever  the  Incidence  of  the 
Rays  be  alter’d,  a  c  is  always  to  be ,  as  3  to  4,  inverfly  as  the  Sines 
*  0811,  of  the  Angles  of  Incidence  and  Refradtion  from  Air  into  Water 
But  thefe  Lines  a  c ,  bey  are  Co-fecants  of  the  fame  Angles. 
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SCHOLIUM. 

Demonjlrations  of  the  Laws  of  Refraction. 

WE  have  feen  that  the  Attraction  of  Light  only  takes  Place  in  it’s  2815. 

Pafiage  along  the  Space  of  Attraction  *  •,  therefore  we  muft  exa-  *  2805. 
mine,  what  happens  to  Light  in  that  Pafiage. 

The  Direction  of  the  Action  of  the  Medium  upon  the  Light  is  per  pen-  2816. 

dicular  to  the  Surface  dividing  the  Mediums*  \  and  therefore,  in  this  PI.  89.  F.  1. 
Cafe,  to  the  Surface  IL  *,  and  it  is  unequal  at  different  Diftances  from  this  *  2780. 
Surface  *  ;  but  at  equal  Diftances  it  is  equal ;  becaufe  both  Mediums  are  *  2781. 
fuppos’d  homogeneous,  and  every  where  fimilar. 

The  Motion  of  the  Ray  AC  may  be  refolv’d  into  two  other  Motions  2817. 
along  AO  and  OC  *,  the  firfi:  of  which  is  parallel  to  the  Surface  EF,  *  319. 
the  fecond  is  perpendicular  to  the  fame  Surface  ;  the  Celerities  of  whofe 
Motions  will  be  refpeCtively  proportional  to  thefe  Lines  A  O  and  O  C, 
whilfi:  AC  reprefents  the  Celerity  of  the  Ray  itfelf  *.  *  319. 

The  Motion  along  the  Direction  A O  is  not  alter'd  by  the  Attraction ,  per-  28  x  80 
pendicular  to  the  Surface  I L,  only  the  Motion  along  O  C  is  accelerated . 

The  Line  AC  being  kept,  namely  the  Celerity  of  the  Ray  itfelf,  it’s  2819* 
Inclination  may  be  alter’d,  whereby  the  Celerity  along  the  Direction  OC 
is  alfo  chang’d  \  which  Celerity  is  nothing,  if  the  Angle  A  a  G  be  very 
finall.  In  which  Cafe,  if  after  the  Ingrefs  of  the  Light  into  the  denfer 
Medium,  it’s  Motion  be  refolv’d  into  two  in  fuch  Manner,  that  the  Di¬ 
rection  of  the  one  be  perpendicular  to  the  Surface  IL,  it’s  whole  Cele¬ 
rity  will  be  to  be  attributed  to  the  Attraction  often  mention’d.  For  in 
the  Ingrefs  into  the  Space  of  Attraction  the  Motion  along  this  Direction 
is  generated,  which  in  the  Pafiage  along  this  Space,  in  which  there  is 
every  where  a  new  ACtion,  aCts  upon  the  Light,  in  the  fame  Direction, 
is  continually  accelerated.  This  Acceleration  obtains  in  every  Pafiage  of 
the  Light  along  the  Space  of  Attraction,  but  is  different  according  to 
the  different  Celerity,  with  which  the  Light  comes  perpendicularly  to  the 
Surface  feparating  the  Mediums. 

If  the  Attraction  were  equable  through  the  whole  Breadth  of  the  282a. 
Space  of  Attraction,  what  relates  to  the  Acceleration  mention’d,  as  we  PI.  90.  F.  2* 
have  demonftrated  concerning  the  Acceleration  of  heavy  Bodies  *,  might  be  *  072. 
determin’d  by  Means  of  the  Right-angled  Triangle  P  QR,  in  which  the 
Lines,  parallel  to  the  Bafe,  reprefent  the  Celerities,  whilfi:  the  Portions  of  the 
Area  of  the  Triangle  reprefent  the  Spaces  run  through.  But  we  here  fpeak 
always  of  the  fame  Space  run  through,  namely  the  Breadth  of  the  Space 
of  Attraction,  becaufe  we  only  confider  the  Motion  perpendicular  to  the 
Surface  feparating  the  Mediums  *,  therefore  this  Space  run  through  is  al¬ 
ways  reprefented  by  equal  Portions  of  the  Area  of  the  Triangle  PQJL 
Let  this  Portion  be  P  dc>  when  the  Light  enters  the  Space  of  Attraction, 
in  the  faid  perpendicular  Direction,  with  the  Velocity  0  \  that  is,  when 
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the  incident  Ray  makes  the  fmalleft  Angle  with  the  Surface  feparating  the 
Mediums  •,  de  in  this  Cafe  will  reprefent  the  Celerity  acquir’d  by  the  At¬ 
traction,  and  with  which  the  Light  goes  out  of  the  Space  of  Attraction. 

If  the  Light  enters  the  Space  of  Attraction  perpendicularly,  with  the 
Celerity  reprefented  by  fgy  it  will  go  out  of  that  Space  with  the  Celerity 
hiy  the  Arches  P  dc  and  fg  i  h  being  put  equal  to  one  another,  as  appears 
from  what  has  been  faid.  The  Triangles  P dc,  P fg,  P hi  are  fimilar  ; 
and  therefore  their  Archs  are  in  a  duplicate  Ratio  to  one  another  ;  that 
is,  as  the  Squares  of  the  homologous  Sides  d r,  fg9  hi  * ;  but  the  Sum 
of  the  Areas  Pdc,  P fg  is  equal  to  the  Area  P  hi>  (by  Reafon  of  the 
equal  Areas  P dc  and  f gih  ;)  therefore  alfo  the  Sum  of  the  Squares  of 
the  Lines  d  c  and  fg  is  equal  to  the  Square  of  the  Line  h  i ;  whence  it 
follows  that  the  Triangle,  form’d  by  thefe  three  Lines,  is  rectangular, 
t  and  that  it’s  Hypotenufe  is  hi  *.  Therefore 

In  a  Right-angled  Triangle ,  one  of  whofe  Sides  is  the  Celerity ,  with  which 
the  Eight  enters  into  the  Space  of  Attraction  perpendicularly ,  and  the  other 
Side  the  Celerity  acquir'd  in  running  through  this  Space ,  when  the  Light  enters 
into  it  with  the  Celerity  o,  the  Hypotenufe  of  the  Triangle  reprefents  the  Ce¬ 
lerity ,  with  which  the  Light  goes  out  of  the  Space  of  Attraction  perpendicu¬ 
larly  at  the  oppofite  Part,  Which  obtains  univerfally,  howfoever  the  At¬ 
traction  be  alter’d  in  the  Space  of  Attraction  according  to  the  different 
Diftance  from  the  Planes,  by  which  this  Space  is  terminated.  To  prove 
which. 

Let  us  fuppofe  the  Space  of  Attraction  to  be  divided  into  two  Parts 
either  equal,  or  unequal,  by  a  Plane  parallel  to  the  Surfaces,  by  which  it 
is  terminated.  Let  us  further  fuppofe  that  there  is  a  different  Attraction 
in  thefe  Parts,  but  that  it  is  not  different  in  the  fame  Part.  Thefe  Parts 
•  are  to  be  confider’d  as  two  different  Spaces  of  Attraction.  Let  A  be  the 
Celerity,  which  the  Light  acquires  in  running  through  the  firft  Part  of 
the  Space,  when  it  enters  into  that  Space  with  the  Celerity  0  ;  let  B  be 
the  Celerity,  acquir’d  in  running  through  the  fecond  Part  of  that  Space, 
when  the  Light  enters  this  Part  in  like  Manner  with  the  Celerity  0,  It 
muft  be  obferv’d  that  in  this  Demonftration  we  every  where  confider  the 
Motion  perpendicular  to  the  Surface,  feparating  the  Mediums. 

Let  the  Light  enter  the  firft  Part  of  the  faid  Space  with  the  Celerity  0  5 
it  will  come  to  the  fecond  Part  with  the  Celerity  A  *,  if  therefore  the 
Right-angled  Triangle  ECD  be  form’d  with  the  Sides  A  and  B,  the 
Hypotenufe  ED  will  reprefent  the  Celerity,  with  which  the  Light  will 
go  out  of  the  Space  of  Attraction  *. 

If  the  Light  enters  into  the  Space  of  Attraction  with  the  Celerity 
F  G,  let  the  Right-angled  Triangle  H  F  G  be  form’d  with  the  Sides  F  G 
and  A  •,  the  Hypotenufe  H  G  will  be  the  Celerity,  with  which  the  Light 
goes  out  of  the  firft  Part  of  the  Space  of  Attraction  *,  and  enters  into 
the  fecond  ;  but  by  forming  the  Right-angled  Triangle  HGI,  whofe 
perpendicular  is  equal  to  the  Line  B,  there  is  given  the  Hypotenufe  I G, 
reprefenting  the  Celerity,  with  which  the  Light  goes  out  of,  and  continues 
it’s  Motion  after  it  has  run  through  the  whole  Space  of  Attraction  *. 


But 


But  we  muft  demonftrate,  that  the  Celerity  I G  is  alfo  the  Hypotenufe 
of  the  Right-angled  Triangle  NML,  whofe  Side  ML  is  equal  to  FG, 
the  Celerity  with  which  the  Light  enters  into  the  Space  of  Attraction,  and 
whofe  other  Side,  LN,  is  equal  to  the  Line  E  D,  the  Celerity,  which 
the  Light  acquires,  in  running  through  the  whole  Breadth  of  the  Space 
of  RefraCtion,  when  it  has  enter’d  into  it  with  the  Celerity  o  •,  which  be¬ 
ing  demonftrated,  it  will  appear  that  the  Proportion  of  Number  2822, 
obtains  in  this  Cafe  alfo,  in  which  two  different  Forces  of  Attraction  aCt. 

But  it  plainly  appears  from  the  Confideration  of  Right-angled  Triangles 
that  the  Lines  I  G  and  NM  are  equal.  The  Square  of  the  Line  N  M  is  equal 
to  the  Squares  of  the  Lines  NL  and  LM,  or  FG:  NL,  is  equal  to  the  Line 
ED,  whofe  Square  is  equal  to  the  Squares  of  the  Lines  EC  and  CD,  or 
the  Lines  A  and  B,  which  are  equal  to  the  Lines  F  H  and  H  I  :  There¬ 
fore  the  Square  of  the  Hypotenufe  N  M  is  equal  to  the  three  Squares  of 
the  Lines  F  G,  F  H,  and  HI.  To  the  fame  three  Squares  the  Square  of 
the  Line  G I  is  equal ;  for  this  is  equal  to  the  Squares  of  the  Lines  H I  and 
H  G  i  which  laft  is  equal  to  the  Squares  of  the  Lines  H  F  and  F  G. 

If  the  Space  of  RefraCtion  be  divided  into  ever  fo  many  Spaces,  by 
Planes  parallel  to  the  Surfaces,  by  which  this  Space  is  terminated,  and 
different  Forces  of  Attraction  obtain  in  different  Parts,  the  fame  Demon- 
ftration  will  take  Place  and  the  Number  of  Divihons  may  be  increas’d 
at  Pleafure  in  infinitum  \  which  is  the  Cafe  in  the  Refraction ,  which  Light 
undergoes  in  paffing  out  of  any  Medium  whatever  into  another  of  diffe¬ 
rent  Denfity  *  ;  to  which  therefore  the  Rule  of  Number  2822,  may  be  * 
applied. 

Let  Z  be  the  more  rare  Medium,  X  the  denfer,  and  let  them  be  fe- 
parated  by  the  Plane  E  F  ;  let  there  be  a  Ray  of  Light  A  C,  falling  upon  p 
the  Surface  EF  obliquely  *,  let  A  C  reprefent  the  Celerity  of  the  Light  in 
the  Medium  Z,  and  let  this  Line  A  C  be  conflant ;  that  is,  let  it  remain, 
whatloever  the  Inclination  of  the  Ray  fhail  be.  Defcribe  a  Circle  with 
the  Center  C,  and  Semidiameter  CA;  let  N  C  M  be  perpendicular  to 
EF ;  draw  from  A  the  Perpendiculars  AO  to  NC,  and  AQ^to  EF. 

Let  the  Motion  along  AC  be  conceiv’d  to  be  refolv’d  into  two  others, 
one  along  AO,  the  other  along  AQ^or  OC  *  ;  the  Line  OC  will  re¬ 
prefent  the  Celerity  of  the  Ray  perpendicular  to  the  Surface  E  F,  which 
Celerity  alone  is  increas’d  from  the  Attraction  of  the  Medium  *.  * 

Let  C  P  be  the  Celerity,  which  the  Light  acquires  in  paffing  through  the 
Space  of  Attraction  of  the  Medium  x  perpendicularly,  0  being  fuppos’d  the 
Celerity  of  the  Light  in  it’s  Ingrefs ;  the  Hypotenufe  OP  of  the  Right-angled 
Triangle  PCO  will  be  the  Celerity  of  the  Ray  AC  in  the  Medium  X, 
in  the  Direction  perpendicular  to  the  Surface  E  F  *  ;  the  Celerity  of  the  * 
Light  in  the  Direction  A  O,  or  QC,  parallel  to  the  Surface  E  F  is  not 
alter’d  *.  Therefore  let  C  V  be  equal  to  A  O,  or  QjC,  and  V  B  per-  * 
pendicular  to  E  F,  equal  to  the  Hypotenufe  P  O,  and  draw  C  B  *  the 
Motion  along  C  B  will  be  the  Motion  compounded  of  the  tv/o,  and  this 
Line  by  it’s  Pofition  determines  the  Direction,  and  by  it's  Length  the 
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Celerity ,  of  the  Light  in  the  Medium  X  *  *  which  Celerity  is  not  alter'd  by 
the  different  Inclination  of  the  Ray  AC.  For  the  Square  of  the  Line  CB 
is  equal  to  the  Square  of  the  Line  B  V,  or  P  O,  and  the  Square  of  the 
Line  C  V,  or  AO;  but  the  Square  of  the  Line  P  O  is  equal  to  the  Squares 
of  the  Lines  P  C  and  C  O  ;  therefore  the  Square  of  the  Line  C  B  is  equal 
to  the  three  Squares  of  the  Lines  PC,  CO,  and  A O  •,  which  two  laft 
if  they  be  join’d,  we  fhall  have  the  Square  of  the  Semidiameter  AC,  or 
C  N  ;  that  is,  C  B  is  equal  to  P  N,  whofe  Square  is  alfo  equal  to  the 
Squares  of  the  Lines  P  C  and  C  N,  and  which  is  not  alter’d  when  the 
Inclination  of  the  Ray  AC  is  chang’d. 

The  Line  C  B  cuts  at  T  the  Circle  defcrib’d  with  the  Semidiameter 
C  A  *,  draw  from  the  Points  B  and  T,  B  S  and  T  R  perpendicular  to 
CM  :  By  Reafon  of  the  fimilar  Triangles  CBS,  CTR,  BC  will  be  to 
TC,  or  CA,  as  BS  to  TR  •,  which  Lines  therefore,  by  Reafon  of  BC 
and  C  A  being  conftant,  will  always  be  in  the  fame  Ratio,  whatfoever 
the  Angle  of  Incidence  be.  T  R  is  the  Sine  of  the  Angle  of  Refraftion 
T  C  R  *,  and  B  S,  equal  to  C  V,  equal  to  A  O,  is  the  Sine  of  the  Angle 
of  Incidence  ACO;  between  which  Sines  therefore  there  is  a  conftant 
Ratio,  as  was  faid  in  N.  2809. 

We  have  hithertho  confider’d  a  Ray  palling  out  of  a  rarer  Medium 
into  a  denfer  •,  but  the  fame  conftant  Proportion  of  the  Sines  obtains  in  a 
contrary  Motion  of  the  Rays  ;  the  Angles  A  C  N,  M  C  B  are  not  alter’d, 
whatfoever  the  incident  Ray  be,  whether  AC  or  BC  In  this  Cafe  if 
B  C  be  the  Celerity  of  the  incident  Ray,  C  A  will  be  the  Celerity  of  the 
refrafted  Ray ;  for  the  Motion  of  the  Ray  palling  out  of  X  into  Z 
is  retarded  in  the  fame  Manner,  from  the  Attraction  towards  the  Medium 
X,  as  it  is  accelerated  in  the  contrary  Motion. 


CHAR  VI. 

Of  the  different  ASlion  of  different  Bodies  upon  Light . 

WE  have  feen  that  all  the  Particles  of  Bodies  aft  upon  Light ; 

in  the  laft  Chapter  we  reafon’d  as  if  they  all  afted  equally  $ 
when  this  obtains,  what  was  faid,  is  always  true,  that  the  denfer 
Medium  attrafts  Light  more  ftrongly  than  the  rarer  ;  and  that 
therefore  the  Refraftion  from  the  rarer  Medium  into  the  denfer  is 
towards  the  Perpendicular  *  ;  in  this  Cafe  alfo  the  refrafting  Force 
follows  the  Ratio  of  the  Denlity  of  the  Body.  We  confider’d  the 
Thing  in  this  Manner,  becaufe  we  thought  it  bell  to  bring  it  to 
the  greateft  Simplicity,  at  the  firft  Examination. 

This  indeed  is  the  Cafe  in  many  Bodies ;  in  Air,  Glafs  of  An¬ 
timony,  the  Selenites,  common  Glafs,  Mountain  Cryftal,  and  in 
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many  other  Bodies ,  the  ref  ratting  Force  is  fenjibly  as  the  Denjity ; 
hut  this  is  not  a  general  Rule. 

But  the  Particles  of  feveral  different  Bodies  aft  differently  upon 
Light ;  but  they  may  be  reduc’d  to  different  Gaffes,  in  each  of 
which  the  Rule  mention’d  *  takes  Place.  * 

Such  a  Clafs  has  been  juft  mention’d  *.  Unttuous  Bodies  make 
another  Clafs ,  to  which  we  reduce  Camphire,  Oil  of  Olives,  Lin-  * 
feed  Oil,  Spirit  of  Turpentine,  and  fuch  like  Bodies. 

In  all  thefe  the  refracting  Force  of  all  the  Particles  is  fenflbly  the 
fame,  and  this  very  much  exceeds  the  Force  which  obtains  in  the 
foregoing  Gafs  *.  * 

Many  Bodies  confift  of  Particles  whofe  Action  upon  Light  is 
intermediate,  and  which  may  be  brought  to  intermediate  Gaffes 
when  the  RefraCtions  of  many  Bodies  fhall  be  determin’d. 

Sir  IJaac  Newton  determin’d  the  Force,  with  which  Particles 
aCt,  in  twenty  two  Bodies ;  and  the  Table,  which  he  has  given 
relating  to  them  in  his  Opticks,  might  be  extended  to  many  other 
Bodies,  if  for  all,  one  Experiment  only  concerning  RefraCtion  be 
made.  But  how  the  Force  of  the  Particles  is  collected  from’ the 
Experiments  concerning  RefraCtion,  the  Denfity  being  given,  will 
be  explain’d  in  the  next  Scholium. 

Hence  it  follows  that  all,  that  was  faid  concerning  RefraCtion 
in  the  laft  Chapter,  may  be  applied  to  all  the  Gaffes ;  but  this 
does  not  always  obtain  in  the  Paffage  of  Light  from  a  Body  of  one 
Gafs  into  a  Body  of  another,  as  appears  from  the  following  Expe¬ 
riments.  But  how  the  Propofitions  are  to  be  alter’d  to  make  them 
univerfal,  I  fhall  now  fay. 

All  the  Reafoning,  laid  down  in  the  laft  Chapter,  is  founded 
upon  the  Attraction  of  Light  by  Bodies ;  and  we  have  demon- 
ftrated  that  there  is  a  Refra&ion,  when  the  Attraction  is  greater 
on  one  Side,  than  on  the  other  ;  wherefoever  this  obtains,  the  De- 
monftrations  take  Place ;  but  this  obtains,  as  often  as  one  of  two 
Contingent  Mediums  aCts  more  ftrongly  upon  the  Light  than  the 
other.  Therefore  the  Demonf  rations  will  be  general ,  //,  what 
was  faid  of  a  denfer  Medium ,  be  applied  in  general  to  the  Mediums 
wkoje  Attion  upon  Light  is  greater . 

But  this  Attion  is  as  the  Forcey  with  which  all  the  Particles  atty 
and  as  the  Number  of  Particles  aCting  together,  that  is,  as  the 
Number  of  Particles,  contain’d  in  a  certain  Space  ;  which  Number 
is  as  the  Lenfty  of  the  Bodyy 
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For  except  we  correCt  the  Propofitions  thus,  that  were  deliver’d 
in  the  laft  Chapter,  which,  as  they  are  commonly  found  in  Optick 
Writers*  we  have  a]fo  given,  many  of  them  will  be  falfe. 

2842.  For  Light  may  undergo  a  Refraction,  in  it’s  Paffage  out  of  one 
Medium  into  another,  although  the  Mediums  do  not  differ  in  Denfty , 
which  is  contrary  to  Number  2778. 

2843.  In  the  PalTage  of  Light,  out  of  Alum  into  Vitriol,  the  Refrac¬ 
tion  is  towards  the  Perpendicular,  the  Sine  of  Incidence  is  to  the 
Sine  of  RefraCtion,  as  26  to  25  ;  yet  the  Denfities  are  equal  $  but 
the  Forces,  with  which  the  Particles  of  thefe  Bodies  aCt  upon 
Light,  are  to  one  another  as  20  to  23. 

2844.  Light  may  p of s  out  of  one  Medium  into  another,  in  any  Direc¬ 
tion  whatever,  without  any  RejraClion ,  though  the  Mediums  differ  in 
Lenfity ;  which  dots  not  agree  with  N.  2779. 

Experiment  i. 

2845.  We  pour  Oil  of  Olives  into  a  Glafs;  if  this  be  cylindrical  or 
conical,  the  Figures  of  the  Ob]eCts,  feen  through  the  Oil,  appear 
alter’d,  but  they  are  diftinCt.  Moreover  we  make  ufe  of  a  Piece 
of  Borax,  very  tranfparent,  but  whofe  Figure  is  fo  irregular,  and 
it’s  Surface  fo  unequal,  that  the  Objects  will  not  appear  through 
the  Borax,  without  being  very  much  confus’d,  fo  that  they  cannot 
be  known  ;  or  rather,  that  we  may  perceive  nothing  befides  the 
Light,  which  enters  into  the  Eyes  irregularly. 

When  we  immerge  this  Piece  of  Borax  in  the  Oil,  we  perceive 
Objects  in  the  fame  Manner  through  the  Oil  and  Borax,  as  through 
the  Oil  alone  ;  the  Borax  becomes  in  a  Manner  invifible,  and  if 
there  be  any  thing  in  the  Borax,  we  perceive  it,  as  if  it  were  in 
the  Oil. 

2846.  Therefore  the  Light  paffes  in  a  right  Line  from  the  Oil  of  Olives 
into  the  Borax,  and  from  the  Borax  into  the  Oil ;  and  there  is  no 
Refraction  here,  although  the  Denfity  of  the  Oil  is  to  the  Denfity 
of  the  Borax  as  6  to  1 1 ;  but  the  Actions  are  in  this  inverfe  Ratio, 
with  which  all  the  Particles  aCt  upon  the  Light,  and  there  is  a  Com- 

*  2841.  penfation  made 

2847.  Light  often  in  ifs  Paffage  out  of  a  more  denfe  Medium  into  a  rarer 
is  refracted  towards  the  Perpendicular .  Which  is  contrary  to  Num¬ 
ber  2787, 
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Ex  PER  IMENT  2. 

We  make  ufe  of  the  Glafs  Box  M  I  *,  which  has  been  often  2848. 
us’d  into  this  we  put  the  fmaller  Glafs  Box  P  (Fig.  7.)  whole  PI.  g0. 
Bottom  is  of  Brafs,  and  whofe  ConftruCtion  is  not  different  from  Fig.  6,  7. 
the  ConftruCtion  of  the  greater  Box  before  explain’d  4-.  *  2758. 2759. 

Inftead  of  this  fmaller  Box  we  may  ufe  a  polygonous  Phial  whofe  *f*  2759- 
upper  Part  is  cut,  as  is  reprefented  at  O  (Fig.  7.)  But  in  this  Cafe,  2849. 
that  we  may  avoid  the  irregular  Reflections  of  the  Light,  as  much 
as  poflible,  the  external  Surfaces  of  the  Bottom,  and  Sides,  mufl 
be  made  rough  by  rubbing  on  them  coarfe  Sand,  that  they  may  re¬ 
ceive  a  black  Colour.  We  only  leave  the  two  greater,  and  oppo- 
fite  Sides  m  and  n  untouch’d,  through  which  the  Light  muft  pals. 

This  Box  has  this  Inconveniency,  that  the  Light  can  never  pafs 
through  the  Sides  of  the  Box  quite  regularly  ;  becaufe  the  inner 
Surfaces  are  never  entirely  plane  ;  which  Inconveniency  is  never- 
thelefs  fcarce  fenfible  when  Spirit  of  Turpentine  is  pour’d  in,  whofe 
refracting  Force  is  very  great. 

Water  is  pour’d  into  the  Box  I  M  to  any  Height ;  Spirit  of  2850* 
Turpentine  is  pour’d  into  the  Box  P  to  the  fame  Height. 

The  Light  is  tranfmitted  through  the  Board  *,  which  was  made  *  2768. 
ufe  of  in  the  Experiments  of  the  laft  Chapter  the  Light  is  let  into 
the  larger  Box  at  a  b  through  the  End  M  L,  perpendicularly  to  the 
Surface  ;  the  Light  enters  into  the  Box  P,  which  is  fet  obliquely  at 
c  d ;  c  d  is  in  the  Side  g  of  the  fmaller  Box,  a  little  diftant  from  the 
End,  and  the  Light  enters  into  the  Oil  very  obliquely  ;  it  is  re¬ 
fracted  at  ef  approaching  towards  the  Perpendicular.  We  have 
not  reprefented  the  Ray  going  out  of  the  Box  P,  to  avoid  Confufion. 

The  Denfity  of  Water  is  to  the  Denfity  of  Spirit  of  Turpentine,  2851. 
as  8  to  7.  The  Sine  of  Incidence  in  Water  is  to  the  Sine  of  Re¬ 
fraction  in  the  Spirit,  as  1 1  to  10.  Laftly  the  Force,  with  which  • 
the  Particles  of  Water  aCt,  is  to  the  Force  of  the  Particles  of  the 
Spirit  of  Turpentine,  as  3  to  5. 

When  we  compare  the  Forces,  with  which  all  the  Particles  of  2852. 
Bodies  aCt,  we  confider  fuch  Particles,  as  contain  equal  Quantities 
of  Matter  $  but  we  don’t  mean  the  fmalleft  Particles,  into  which 
Bodies  may  be  refolv’d ;  for  who  can  determine  whether  all  thefe 
are  equal  or  not  5  and  whether  the  ACtion  upon  Light  may  not  be 
varied,  from  the  Difpofition  of  the  fmalleft  Particles  among  Particles 
of  a  fuperior  Order  ? 

T  2  We 
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We  alfo  meafure  the  Forces  of  all  the  Particles ,  by  confidering 
their  whole  Adion  upon  Light,  whilft  it  paffes  through  the  Space 
of  Attradion  ;  that  is,  we  compare  the  whole  Effeds  of  the  Attrac¬ 
tion,  and  reafon  as  if  all  the  Spaces  of  Attraction  were  equals  which 
perhaps  is  not  true ;  but  this  does  not  alter  the  Conclufions,  which 
may  be  of  ufe  in  explaining  Phenomena. 

When  Light  pafj'es  out  of  one  Body  into  another,  the  Difference  of 
the  Forces  only  is  to  he  conjiderd  ;  but  we  fpeak  of  the  whole  Forces 
of  Bodies,  which  we  have  by  multiplying  the  Denfities  by  the 
Forces  of  all  the  Particles  In  this  Cafe  a  fmaller  Adion,  ading 
contrary  to  a  greater,  diminifhes  it. 

When  Light  paffes  through  different  Mediums ,  terminated  by  pa¬ 
rallel  Planes ,  the  Direction  in  the  laf  Medium  is  the  fame ,  as  If  the 
Light  had  pafs'd  out  of  the  fir jl  Medium  immediately  into  the  lafl . 
For  in  each  Cafe  the  whole  bending  Force  is  the  fame.  The  Dif¬ 
ference  between  the  Force  of  Air  and  the  Force  of  Water,  is  to 
the  Difference  between  the  Force  of  Air  and  the  Force  of  Glafs, 
nearly  as  14  to  25.  If  the  Light  paifes  immediately  out  of  Air 
into  Glafs  the  bending  Force  will  be  equal  to  25  ;  but  if  the  Light 
paffes  out  of  Air,  through  Water,  into  Glafs,  two  Adions  ad  fuc- 
ceffively,  the  firft  of  which  is  equal  to  14;  the  fecond  is  equal  to 
the  Difference  between  the  Adions  of  the  Water  and  Glafs 
which  is  1 1  ;  and  the  Adions  together  are  alfo  equal  to  2  5.  If 
the  Number  of  the  Mediums  put  between  be  greater,  the  Demon- 
ftration  is  the  fame  ;  all  the  Differences  of  the  intermediate  Adions 
together  are  equal  to  the  Difference  of  the  Adions  of  the  extreme 
Mediums.  We  fuppofe  the  Mediums  to  be  terminated  by  parallel 
Planes,  that  all  the  Diredions  of  the  Adions  may  agree  *. 

From  hence  we  conclude  that  the  Refradion  out  of  one  Me¬ 
dium  into  another  may  be  determin’d,  though  there  be  no  Experi¬ 
ments  concerning  fuch  a  Paffage  ;  which  will  be  fufficiently  illus¬ 
trated  by  one  Example  only. 

Let  us  fuppofe  the  Sine  of  Incidence  to  be  to  the  Sine  of  Re¬ 
fradion  out  of  Air  into  Water,  as  4  to  3  :  And  that  thefe  Sines 
out  of  Air  into  Glafs  are,  as  17  to  11,  as  has  been  obferv’d  be¬ 
fore  *  ;  I  want  to  know  the  Ratio  between  thefe  Sines,  when  the 
Light  paffes  out  of  Water  into  Glafs.  If  the  Light  fhou’d  pafs 
out  of  Air  into  Glafs  through  Water,  the  Sine  of  the  firft  Incidence 
wou’d  be  to  the  Sine  of  the  fecond  Refradion,  in  the  Ratio  of  17 
to  11.  We  ought  to  take  away  from  this  the  firft  Refradion,  in 
which  the  Ratio  of  the  Sign  is,  as  4  to  3.  By  multiplying  the 
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Antecedents  and  Confequents  we  join  the  Ratios,  which  take  Place 
together  ;  after  the  fame  Manner  by  Divifion  we  feparate  the  Ra¬ 
tios,  when  one  is  to  be  taken  from  the  other  5  therefore  the  Ratio 
fought  is  that,  which  is  given  between  ‘T7 ,  j  ,  that  is,  the  Sines, 
of  which  we  are  fpeaking,  are  to  one  another,  as  51  to  44.  For 
this  Ratio  is  requir’d,  that  the  whole  Inflection  may  be  the  fame 
with  that,  which  takes  Place,  when  the  Light  goes  immediately 
out  of  the  Air  into  the  Glafs. 

SCHOLIUM. 

WE  faid  that  from  die  Experiments  concerning  Refradtion  the  Pro-  28^8„ 
portions  of  Forces  were  determin’d,  with  which  the  Particles  of 
Bodies  adt  upon  Light  *  :  I  fliall  now  fhew  how  this  is  done  •,  but  firft  I  *  2837* 
fliall  fpeak  of  the  Forces  of  the  Bodies  themfelves,  and  then  of  the  Forces 
of  all  the  Particles. 

When  we  treat  of  the  whole  Forces  of  Bodies,  the  Light,  which  2S59, 
pafles  out  of  empty  Space  into  Bodies,  muft  be  confided d  ;  for  if  Light 
pafles  from  one  Body  into  another,  we  can  only  difcover  the  Dif¬ 
ference  of  the  Forces  of  thole  Bodies  *  ^  but  all  Cafes  maybe  refolv’d  by  *  2854. 
the  fame  Rule. 

We  have  already  faid  that  it  was  unknown  to  us,  whether  all  the  Spaces 
of  Attraction  be  equal  or  not  *  ;  we  muft  moreover  add,  that  it  is  alfo  *  28r2., 
unknown  to  us,  whether  the  ACtion,  which  is  different  at  different  Di- 
ftances  from  the  Surface  of  the  Body,  be  alter’d  according  to  the  fame 
Laws,  in  the  Spaces  of  Attraction  of  all  Bodies.  But  as  the  whole  Ef¬ 
fects  alone,  that  is,  the  Alterations  only,  which  obtain  in  the  Paffage 
through  the  Space  of  Attraction,  are  difcover’d  by  us,  we  may  reafon, 
as  if  the  fame  Laws  obtain’d  every  where  ;  in  the  fame  Manner  as  we 
fuppos’d  the  Breadths  of  the  faid  Spaces  equal  *.  But  if  the  fame  Laws  *  2 
take  Place,  the  Forces  are  to  one  another ,  as  they  won' d  b  y  if  they  ahlcd  2h6o 
uniformly  through  the  whole  Spaces ,  and  we  ought  to  Reafon  concerning 
thefe  Forces  as  of  any  accelerating  Forces  whatever,  which  increafe  their 
Celerities  uniformly,  and  aCt  through  equal  Spaces. 

Let  us  fuppofe  two  Bodies,  one  of  which  defcends  vertically  through  2  8  61. 
AB,  the  other  rolling  down  the  inclin’d  Plane  AD  *,  both  thefe  Bodies  PL 90. F. 8» 
are  accelerated  equably  j  but  they  are  driven  with  unequal  Forces. 

Let  us  fuppofe  one  to  have  come  to  B,  and  to  be  carried  with  the  Ve¬ 
locity  acquir’d  in  failing  through  AB,  and  to  be  accelerated  in  depending 
beyond  B  C  ;  we  fuppofe  the  fecond  Body  to  have  come  to  D,  and  to 
be  carried  with  the  Velocity,  acquir’d  in  running  through  AD,  and  to  be 
accelerated  in  defcending  beyond  DE,  equal  to  BC.  From  the  given 
Velocities  the  Forces  are  fought. 

Draw  D  Eq  horizontal  •,  the  accelerating  Forces  will  be  as  AD  to  *  ^41.. 
Ady  or  AE  to  A*  *  j  that  is,  asDE  or  BC,  to  de  f.  The  Velocities  at  j  1 7,1 8. EI.5;. 
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D  and  d ,  as  alfo  at  E  and  are  equal  *  •,  therefore  the  four  given  Velo¬ 
cities,  arethofe,  which  the  Body  would  acquire  in  falling  through  AB, 
AC,  Ad  and  A  e  •,  and  in  this  Ratio  are  the  Squares  of  thefe  Velocities  *. 
Therefore  B  C,  is  to  d  e,  that  is,  the  Force,  that  accelerates  the  firlt  Body, 
is  to  the  Force,  adting  upon  the  fecond,  as  the  Difference  of  the  Squares 
of  the  Velocities  of  the  firft  Body  to  the  Difference  of  the  Squares  of  the 
Velocities  of  the  fecond  Body. 

If  we  apply  this  to  Light,  we  have  this  general  Rule  ;  The  Force ,  that 
accelerates  Light ,  whilfi  it  paffes  from  one  Medium  into  another ,  is  to  the 
Force ,  which  takes  Place  in  another  Pajfage ,  as  the  Difference  of  the  Squares 
of  the  Velocities  before  and  after  the  Ingrefs ,  in  the  firft  Motion ,  to  the  like 

Difference  in  the  fecond. 

We  have  feen  above  that  the  Velocities  of  Light  in  Air  and  Water  are 
to  one  another,:  as  3  to  4  ;  the  Velocities  of  Light  in  Air  and  Glafs,  as 
1 1  to  1 7  *.  The  Sine  of  the  Incidence  is  to  the  Sine  of  Refradtion  in  the 
Motion  from  Air  into  Spirit  of  Turpentine  as  25  to  17-,  and  therefore 
the  Velocities  in  thefe  Bodies  are  as  17  to  25  *.  From  hence  we  deduce 
that  the  Velocities  of  Light  in  Air,  Water,  Glafs,  and  Spirit  of  Turpentine, 
are  to  one  another  as  1000,  1333*  1547?  1470.  The  Velocity  of  Light 
in  Air  differs  little  from  the  Velocity  in  Vacuo,  and  unlefs  we  ufe  greater 
Numbers,  the  Difference  can’t  be  exprefs’d  ;  therefore  we  fuppofe  the 
Velocity  of  Light  in  Vacuo  to  be  1000  alfo. 

Now  if  any  one  feeks  the  Ratio  between  the  whole  Force  of  the  Glafs 
and  the  Adtion,  which  adts  upon  the  Light,  when  this  paffes  out  of  Wa¬ 
ter  into  Spirit  of  Turpentine,  this  Ratio  is  that,  which  is  given  between 
the  Difference  of  the  Squares  of  the  Numbers  1 547  and  1 000,  to  the 
Difference  of  the  Squares  of  the  Numbers  1470  and  1333  *;  which  Dif¬ 
ferences  are  as  1388  to  358. 

The  Forces  of  Bodies  being  given,  the  Forces  of  the  Particles  are  ea- 
fily  difeover’d  ;  for  as  thofe  are  in  a  Ratio  compounded  of  thefe  laft  Ra¬ 
tios  and  the  Denfities,  it  is  manifeft,  that  the  faid  Forces  of  the  Bodies 
muft  be  divid  d  by  the  Denfities ,  that  the  Quotient  of  the  Divifons  may  exprefs 
the  Forces  of  the  Particles. 

From  the  Squares  of  the  Velocities  of  Light  in  Water,  Spirit  of  Tur¬ 
pentine,  and  Glafs,  I  fubftradt  the  Square  of  the  Velocity  in  Vacuo,  and 
the  Differences  are  as  778,  1163,  1388,  which  exprefs  the  Forces  of  the 
Bodies  *  ♦,  thefe  being  divided  by  the  Denfities  of  thofe  Bodies,  which 
are  as  40,  35,  103,  we  have  the  Forces  of  the  Particles  as  195,  333,  135. 

The  Force,  that  accelerates  Light  in  it’s  Paffage  out  of  a  lefs  refradting 
Medium  into  a  more  refradting  one,  retards  the  Motion  in  the  contrary 
Paffage  *  j  whence  it  follows,  that  what  is  demonftrated  in  this  Scholium 
concerning  the  Acceleration  of  Light,  may  be  applied  to  the  Retardation 
of  it,  mutatis  mutandis ,  when  the  Light  paffes  out  of  a  more  refradting 
Medium,  into  a  lefs  refradting  one. 
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CHAP.  VII. 

1 

Of  the  RefraEtion  of  Light,  when  the  Mediums  are 

feparated  by  a  plane  Surface. 

TH  E  Surfaces,  that  feparate  the  Mediums,  may  be  varied  in 
infinitum  ;  we  {hall  only  examine  thofe  that  are  plane  and 
fpherical.  In  the  Rays  alfo  there  may  be  Variations  in  infinitum  ; 
we  fhall  only  confider  thofe  Rays,  which  proceed  from  one  Point, 
or  tend  to  one  Point,  or  are  parallel.  All  thefe  Things  being  con- 
fider’d,  we  {hall  be  able  to  explain  the  chief  Phenomena  of  Light. 

Definition  i. 

T 'he  Rays  proceeding  from  one  Pointy  or  which  are  mov'd ,  as  if 
they  proceeded  from  one  Pointy  are  call'd  diverging  Rays. 

Such  Rays  are  continually  difpers’d  more  and  more. 


Definition  2. 

'The  Point ,  from  which  the  diverging  Rays  proceed ,  is  call'd  the 
radiant  Point ,  or  fimply  the  Radiant . 

The  Rays  fomeumes  move  by  Reflection,  or  RefraCtion,  as  if 
they  proceeded  from  a  Point,  though  they  do  not  proceed  from  it, 
which  we  faid  were  call’d  diverging  Rays  alfo  In'  this  Cafe,  * 


Definition  3. 

The  Point ,  from  which  the  diverging  Rays  feem  to  come ,  is  call'd 
the  Point  of  Dijperfion  of  Juch  Rays. 

Definition  4. 

Thofe  Rays  are  more  diverging ,  that  make  a  greater  Angle . 

The  more  diverging  the  Rays  are ,  the  Difiance  between  them  being 
fuppos'd  the  famey  the  lefs  diftant  is  the  radiant  Point ,  or  the  Point 
of  Dijperfion ,  and  the  contrary. 

Definition  5  and  6. 

The  Rays  that  meet  in  one  Point ,  or  wou'd  ?neet  if  continued ,  are 
call'd  converging  Rays  y  and  thofe  are  more  converging ,  that  make  a 
greater  Angle. 
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Definition  7. 

The  Point  of  Concourfe  of  converging  Rays  is  call'd  the  Focus . 


2876. 


Definition8. 

The  Point  in  which  the  Rays ,  that  converge,  and  are  intercepted , 
or  bent  before  their  Concourfe ,  won' d  meet  if  continued ,  is  call'd  the 
imaginary  Focus  of  thefe  Rays. 

The  more  Rays  converge,  Juppofng  the  Difance  between  them  to  be 
the  fame,  at  the  lefs  Di fiance  is  the  Focus,  whether  the  true  or  ima¬ 
ginary  one. 


W e  only  confider  thofe  diverging,  or  converging  Rays,  that  are 
a  little  difpers’d,  that  is,  which,  in  their  Pafifage  from  one  Medium 
into  another,  take  up  a  imall  Space  in  the  Surface  that  feparates  the 
Mediums. 


Definition  9  and  10. 

If  among  thefe  Rays  there  be  one  Perpendicular  to  the  faid  Surface, 
the  Rays  are  faid  to  be  dire  El  3  in  every  other  Cafe  they  are  faid  to  be 
oblique. 

2879.  If  parallel  Rays  pa fs  out  of  any  Medium  whatever  into  another  of 
a  different  Refrangibility,  thefe  being  feparated  by  a  plane  Surface, 
after  the  RefraElion  they  are  parallel  alfo  :  Becaufe  they  are  all 
equally  bent. 


Experiment  i. 

2880.  In  this  Experiment,  as  in  all  of  this  Chapter,  we  let  the  Light 

♦  2794  2795.  into  a  dark  Place,  as  has  been  before  explain’d  *.  We  intercept 
*jr  2769.  the  Rays  with  the  Board  -f*,*  and  only  tranfmit  fome  of  them 

through  an  horizontal  Slit,  which  is  determin’d  at  Pleafure.  We 

*  *758.2749.  make  ufe  of  the  Box  terminated  by  Glafs  Planes  *,  and  difpos’d 
+  2796.2767.  as  in  the  firft  Experiment  of  the  fifth  Chapter  3  or  we  make  ufe 

of  the  Glafs  folid  *,  difpos’d  as  in  the  fourth  Experiment  of  the 
fame  Chapter.  Howfoever  the  Rays  enter  the  Water  or  Glafs,  or 
go  out  of  thefe  Bodies,  if  they  all  pafs  through  the  fame  Surface, 
they  remain  parallel. 

2881.  Let  there  be  the  Mediums  X  and  Z,  this  the  lefs,  that  the  more 
PL91.F.1.  refradting,  feparated  by  the  Plane  ES3  let  the  diverging  Rays 

R  C,  R£,  Rtf,  proceed  from  the  Point  R,  and  enter  the  more 
refradting  Medium :  Among  thefe  let  R  C  be  perpendicular  to  the 

2  Surface 
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Surface  E  S;  this. is  not  turn’d  out  of  it’s  Way  *,  and  it  continues  * 
it's  Motion  along  C  G.  The  Rays  R  b ,  R  a9  undergo  a  Refraction 
towards  the  Perpendiculars,  which  we  fuppofe  drawn  to  the  Sur¬ 
face  E  S  in  the  Points  b  and  a . 

We  eafily  determine  the  Refraction  of  any  fuch  incident  Ray. 
Let  R  M  be  a  Ray  proceeding  from  R;  ORC  the  Perpendicular, 
through  R,  to  the  Surface  feparating  the  Mediums  5  take  M  O, 
and  let  it  be  to  M  R,  as  the  Sine  of  Incidence  to  the  Sine  of  Re¬ 
fraction  ;  that  is,  as  the  Co-fecant  of  Refraction  to  the  Co-fecant 
of  Incidence  *.  By  this  being  applied  from  the  Point  M,  in  the  * 
Angle  MCR,  the  Point  O  is  determin’d  ;  from  which  the  Line 
M  N  muft  be  drawn  through  M,  and  this  will  co-incide  with  the 
refracted  Ray. 

YMV  being  drawn  perpendicular  to  ES,  at  M,  the  Angle  of 
Incidence  is  V  M  R  ;  the  Angle  of  Refraction  is  Y  M  N,  to  which 
V  M  O  is  equal  *.  If  we  fuppofe  a  Circle  defcrib’d  with  the  * 
Center  M,  and  Semidiameter  MC,  the  Lines  MO,  MR,  will  be 
Co-fecants  of  the  Angles  of  Refraction  and  Incidence  ;  whence  it 
appears  that  the  refracted  Ray  M  N  was  well  determin’d. 

But  if  the  diverging  Rays  be  direct,  and  a  little  dilpers’d,  fuch 
as  we  have  (hewn  the  Rays  R  C,  R  b,  R  a,  to  be,  we  reafon  in 
the  fame  Manner  ;  R  a,  r  a9  being  fuppos’d  to  be  in  the  faid  Ratio 
of  the  Co-fecants,  a  A  will  be  the  refracted  Ray  ;  but  as  C  a  is 
fmall,  the  Rays  R  a,  R  C,  do  not  differ  as  to  Senfe,  neither  do 
ra9  r  C ;  therefore  R  C,  r  C,  are  alfo  in  the  fame  conftant  Ratio 
of  the  Co-fecants,  wherefore  the  Ray  R  b9  as  alfo  the  reft  a  little 
difpers’d,  are  refracted  as  if  they  proceeded  from  the  fame  Point  r, 
and  r  is  the  Point  of  Difperfion  of  the  refracted  Rays. 

And  in  this  Cafe ,  in  which  the  Rays  pafs  from  a  lefs  refracting 
Medium  into  a  more  refracting  one9  the  diverging  Rays  become  lefs 
diverging  *  ;  and  the  Diftance  of  the  Radiant  from  the  Surface  is  * 
to  the  Diftance  of  the  Point  of  Difperfion,  as  the  Sine  of  Refrac¬ 
tion  to  the  Sine  of  Incidence. 
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Experiment  2. 

We  clofe  the  open  End  of  the  Box  A  D  *  with  the  Board  T  'f.  2886. 

The  Rays,  which  pafs  through  the  Glafs  V  are  converging,  they  PI.  joi. 
mutually  interfect  one  another  at  R,  and  become  diverging.  We  Fig.  2. 
don’t  enquire  here,  how  the  Glafs  produces  this  Effect,  we  (hall  *  2765’. 
fpeak  of  this  Motion  of  Light  in  it’s  proper  Place ;  it  is  fufficient  2770» 
that  there  are  diverging  Rays,  that  we  may  demonftrate  the  Ex¬ 
periment. 

Vox,.  II.  U  We 
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We  let  thefe  diverging  Rays  enter  direftly  into  the  Glafs  folid 

*  2767.  C  *,  and  we  immediately  perceive  the  Rays  to  move  in  the  Cube* 

as  if  they  proceeded  from  a  more  diftant  Point. 

2887.  We  reafon  about  converging  Rays  in  the  fame  Manner.  Let 
PI.91.F.1.  P  QJdc  a  Ray,  which,  fuppoiing  the  fame  Medium  Z  and  X,  is 

directed  towards  a  given  Pointy' 3  T  f  D  H  being  drawn  throughy, 
perpendicular  to  the  Surface  feparating  the  Mediums,  if  QJT  be  to 
a/;  as  the  Co-fecant  of  Refradtion  to  the  Co-fecant  of  Incidence, 
Q^T  wall  be  the  refracted  Ray,  as  follows  from  what  is  demon- 

*  2883.  ft  rated  before 

2888.  If  the  Rays  be  direCt,  a  little  difpers'd ,  and  convergings  and pafs 
into  a  more  refracting  Medium ,  they  become  lefs  converging .  The 
Rays,  among  which  HD,  as  I /,  L /,  which  are  directed  to  the 
imaginary  Focus  f  meet  at  the  true  Focus  F,  at  a  greater  Diftance  3 

*  2884.  which  appears,  if  we  reafon  as  about  diverging  Rays  *. 


Experiment  3. 

2889.  This  Experiment  is  made  as  the  foregoing  3  the  Situation  of  the 
PL91.F.3.  Glafs  Cube  C  is  alter’d,  and  the  Glafs  of  the  Board  is  rais’d  in  fuch 


* 


2771 


Manner  *,  that  the  Rays  may  pafs  over  the  Cube  3  thefe  meet  at 
f  and  this  Point  of  Concourfe  remains  at  the  fame  Diftance  from 
the  Board,  whether  the  Glafs  be  rais’d  or  deprefs’d. 

But  this  being  deprefs’d  in  fuch  Manner,  that  the  converging 
Rays  may  enter  into  the  Cube,  the  Concourfe  is  immediately  re¬ 
mov’d  as  far  as  F. 

The  Rays  are  mov’d  along  the  lame  Lines,  from  what  Part 
foever  they  proceed  *  3  therefore  from  the  Demonftrations  con¬ 
cerning  Motion,  out  of  a  lefs  reflating  Medium  into  a  more  re¬ 
fracting  one,  we  deduce  what  relates  to  contrary  Motion. 

The  diverging  Rays  in  a  more  refracting  Medium  X,  proceeding 
PI.91.F. i.  from  a  Point  F,  are  mov’d,  in  a  lefs  refracting  Medium  Z,  as  if 
2892.  they  proceeded  from  f  that  is,  they  become  more  diverging  3  the 
converging  Rays ,  which  tend  to  r,  meet  at  R,  and  become  mGre 
converging. 


2890. 
*  2789. 


,891. 


Experiment  4. 

2893.  All  Things  being  order’d  as  in  the  two  laft  Experiments  3  the 
PL91.F.4.  Glafs  Cube  C  is  fo  plac’d,  that  the  radiant  Point  R,  which  the  Rays 
paffing  through  the  Glafs  of  the  Board  T  make,  may  be  in  the 
Surface  of  the  Cube  3  then  the  diverging  Rays  pafs  through  the 
Cube,  and  entering  the  Air  are  difpers’d  more. 

Expe-* 
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Experiment  5. 

All  Things  remaining,  as  in  the  foregoing  Experiment,  move 
the  Cube  C  to  the  Board  T  in  fuch  Manner,  that  the  converging 
Rays  may  pafs  through  the  whole  Cube  ;  they  then  become  more 
converging  in  the  Air,  and  meet  at'  F,  at  a  fmaller  Diftance  than 
if  they  had  continued  their  Motion,  as  they  move  in  the  Glafs. 

If  the  Rays,  although  direCf,  be  too  much  difperfed,  what  we 
laid  of  the  Points  of  Difperfton,  or  the  Foculfes,  cannot  be  applied 
to  the  Points ;  but  a  fmall  Space  is  conceiv’d,  through  which  the 
Rays  pafs,  which  is  the  greater,  the  more  the  Rays  are  difpers’d. 

What  relates  to  oblique  diverging  Rays,  or  converging,  is  more 
difficult;  therefore  we  fhall  only  mention  it,  and  demonftrate  it  in 
the  following  Scholium. 

Let  B  E  be  the  Separation  of  the  Mediums  Z  and  X,  that  of  the 
lefs,  this  of  the  more  refracting  one.  We  fuppofe  the  Plane  of  the 
Figure  to  be  perpendicular  to  the  Surface  B  E,  as  it  always  is,  when 
the  Surface  is  reprefented  by  a  Line. 

Let  us  fuppofe  Rays,  a  little  difpers’d,  to  proceed  from  A;  and 
among  thefe  A  B  to  be  given  ;  and  that  therefore  they  pafs  obliquely 
out  of  Z  into  X ;  CAE  being  drawn  perpendicular  to  BE,  through 
A,  let  the  Point  D  be  fought,  through  which  the  refraCted  Ray  B I 
would  pafs,  if  continued  downwards  *  ;  the  Point  of  Difperfton  of 
the  refraCted  Rays  will  be  in  this  Line  at  F,  which  Point  is  determin’d 
by  the  following  ConftruCtion. 

We  draw  EH,  EL  perpendicular  to  AB  and  D  B,  fromE; 
through  H,  where  the  Perpendicular  to  the  incident  Ray  cuts  it, 
we  draw  HN  parallel  to  AE,  cutting  the  other  Perpendicular  at 
N ;  the  Points  N  and  D  being  join’d,  we  draw  L  C  parallel  to  N  D, 
which  meets  DE  continued  at  C;  CF  being  drawn  parallel  to  BE, 
the  Point  fought  F  will  be  given  in  the  Concourfe  of  this  Line  with 
the  Line  B  D,  it  being  produc’d  as  much  as  is  neceflary. 

We  fhall  demonftrate  in  the  following  Scholium,  that  the  neigh¬ 
bouring  Rays  AB,  Ab ,  are  refraCted  along  BI,  bi7  as  ii  they  pro¬ 
ceeded  from  F ;  but  the  Demonftration  only  regards  the  Plane  of 
the  Figure.  But  we  fuppofe  Rays  proceeding  from  A  to  be  fo  dif¬ 
pers’d,  as  that  they  may  make  a  Cone  or  Pyramid.  Now  if  we 
conceive  another  Plane,  that  paffes  through  the  Line  CAD,  and 
makes  a  imall  Angle  with  the  Plane  of  the  Figure,  this  Plane  will 
pafs  through  the  faid  Cone  or  Pyramid ;  that  is,  fome  of  the  Rays, 
proceeding  from  A,  will  be  in  this  Plane ;  for  thefe,  a  Point  as  F, 
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will  be  determin’d  in  the  laft  Plane  by  help  of  the  fame  Point  C ; 
and  all  the  Points  as  F,  which  are  found  for  the  whole  Cone  or 
Pyramid,  make  a  fmall  Portion  of  the  Circumference  of  a  Circle* 
whofe  Center  is  C,  and  which  is  parallel  to  the  Surface  E  B ;  and 
this  fmall  Portion  of  the  Circumference  may  be  look’d  upon  as  a 
fmall  right  Line,  perpendicular  to  the  Plane  of  the  Figure. 

2900.  Where  we  fpoke  of  direcft  Rays,  we  confider’d  four  Cafes  we 
*  2885.2888.  have  now  applied  one  of  thefe  to  oblique  Rays  only  ;  but  the  De- 

2  9^2892 ■  xxionftrations  may  be  applied  to  all  Cafes.  What  was  faid  of  the 
Rays  A  B  and  D  B,  belongs  to  any  incident  Ray  whatever  with  it’s 
refracted  Ray,  whether  this  be  the  refratted  Ray  itfelf,  or  only  a 
Continuation  of  it,  as  in  the  prefent  Example ;  alfo  it  matters  not, 
whether  the  Angle  of  Incidence  exceeds  the  Angle  of  Refraftion, 
or  the  contrary,  the  fame  Conftru&ion  may  take  place,  and  the 
other  Demonftrations  obtain  in  the  fame  manner. 

2901.  Therefore  in  General  we  infer,  that  oblique  Rays ,  whether  diverg¬ 
ing  or  convergings  that  pafs  out  of  one  Medium '  into  another ,  thefe 
being  feparated  by  a  plane  Surfaces  do  not  move  after  Refraction  as  if 
they  proceeded from  a  Points  nor  as  f  they  tended  towards  one  Point ; 
that  isy  that  there  is  no  Point  of  Difperjions  or  Focus  of  the  oblique 
Rays  •  how  little  foever  the  Rays  are  difpers'd \ 

2902.  In  thefe  Cafes,  as  was  faid  of  dire<ft  Rays  too  much  difpers’d 

f  2895.  for  the  Point  of  Difperfion,  or  Focus,  we  have  a  fmall  Space* 
through  which  all  the  Rays  pafs;  but  we  muff  determine  where 
this  ought  to  be  plac’d.  As  at  F  the  Rays  pafs  through  the  fmall 
Line,  fo  alfo  at  D,  and  between  thefe  Points  is  the  Place  fought. 

2^03.  If  this  Line  be  cut  by  a  plane  Perpendicular  to  DF,  the  fmall 
Fig.  6.  Space,  of  which  we  are  fpeaking  here,  will  in  this  Plane  have  the 
Figure  of  a  Rectangle,  whofe  Sides  will  have  a  different  Ratio  to 
one  another,  according  to  the  different  Place,  in  which  this  Plane 
is  fix’d.  But  there  is  no  Reafon  why  we  fhould  chule  a  fmall 
Space  whofe  Height  exceeds  it’s  Length,  than  the  contrary; 
therefore  this  Plane  muft  be  conceiv’d  in  that  Place,  in  which 
the  Space  is  a  Square,  and  we  fhall  have  this  Place  for  the  Point 
of  Difperfion,  or  Focus  of  the  Rays:  .This  Place  is  different 
according  to  the  different  Difperfion  of  the  Rays,,  proceeding 
from  A. 

2904.  Let  us  fuppofe  the  Rays  proceeding  from  A,  to  make  a  right 
Cone;  take  BP  equal  to  EH,  and  EQ^ equal  to  EL ;  draw  QC 
and  PD,  which  laft,  continued,  cuts  FC  at  S.  Through  D  draw 
a  parallel  to  B  E  ;  and  from  the  Point  T, .  in  which  that  cuts  Q  C> 

another 
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another  Line  T  S  muft  be  drawn  >  and  this  will  cut  DF  in  the  Point 
fought  V. 

But  if  the  diverging  Rays  make  an  oblique  Cone,  whofe  Bafe  rs  2905. 
in  the  Surface  itfelf  that  divided  the  Mediums,  which  obtains,  when 
the  Rays  are  intercepted  in  the  Surface,  and  there  only  go  through  a 
lefs,  circular  Hole.  The  Point  fought  is  in  the  mutual  Se&ion  of 
the  Lines  B  F  and  QC,  all  which  is  demonftrated  in  the  following 
Scholium. 

SCHOLIUM. 

The  Demonf rations  concerning  the  Refraction  of  oblique  Rays .  * 

WE  faid  that  the  neighbouring  Rays  AB,  A b9  refraCted  along  BI,  2906. 

b  /,  would  meet  at  F,  if  continued  downwards  ;  we  muft  now  de-  PI.  9 1 .  F.  7 
monftrate  that  the  Point  F  was  well  determin’d  *.  *  2898. 

With  the  Center  F,  at  the  Diftances  F  D,  F  B,  are  defcrib’d  the  Arches 
D  r,  B^  *,  becaufe  thefe  are  fmall,  they  may  be  looked  upon  as  right 
Lines  perpendicular  to  F  b.  In  the  fame  Manner  the  Arch  B  o9  decrib’d 
with  the  Center  A,  at  the  Diftance  A  B,  may  be  look’d  upon  as  a  right 
Line  perpendicular  to  A  b. 

The  Line  N  H  muft  be  continued  as  far  as  M.  From  the  Similitude 
of  the  Triangles  we  deduce  the  Proportions  * ;  but  we  have  the  fimiJar  *  4.  El.  6, 
Triangles  D BE,  EBL,  DEL dDr,  Bbg  ;  ABE,  EBH,  Bbo9  are  +  8.  El.  6. 
alfo  fimilar ;  andalfoBAD,  BHM;  and  laftly  F B^,  FDr. 

From  what  is  demonftrated  concerning  Refraction  *  it  follows,  *  2883. 

AB  :  BD  :  :  A b  :  bd . 

By  Altern.  and  Inverf.  A b  :  AB  :  :  bd  :  BD. 

By  Divifion  and  Alternation,  A b  —  AB  =  £fl  :  bd  —  BD  ^  + 
dr  :  :  AB  :  BD  :  :  BH  :  BM. 

By  Comparifon  of  the  Triangles  we  have,  bgy  B  b9  bo9  andBL,  EB 
BH,  in  ordinate  Proportion ; 

Therefore  by  Equality  *  bg  :  bo  :  :  BL  :  BH;  *  22. El.  5. 

But  we  had  bo  :  bg  dr  :  :  BH  :  BM  ; 

Therefore  again  by  Equality,  bg  :  bg  +  dr  :  :  BL  :  BM  ♦, 

By  Inverf.  and  Divif.  dr  :  bg  :  :  BM  —  BL=i  LM  :  BL. 

Therefore  Dr,  dr9  bg9  LM,  BL,  EL,  are  in  perturbate  Proportion  j 
for  Dr  :  dr  :  :  BL  :  EL  *, 

And  by  Equality  perturb.  Dr  :  bg  :  :  LM  :  EL*.  *  22.EI. 

The  Triangles  alfo  give  bg  :  Bg  :  :  EL  :  LD^ 

Therefore  by  Equality  Dr  :  Bg  :  :  LM  :  LD  :  :  LN  :  LE ; 

In  which  fame  Ratio  are  FD,  FB  ^  becaufe  Dr  :  B^  :  :  FD  :  FB, 

But  in  the  fixth  Figure  we  have  this  very  Ratio  •,  for 
LN  :  LE  :  :  CD  :  CE  :  :  FD  :  FB  * 
and  it  is  manifeft  that  the  Point  F  was  well  determin’d, 
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If  we  conceive  the  Plane  of  the  Figure  to  turn  about  the  Axis  CE,  the 
Rays  AB,  Ah  will  make  Cones,  which  will  have  the  fame  Axis  AE;  all 
the  Rays,  which  proceeding  from  A,  pafs  between  the  faid  conical  Sur¬ 
faces,  which  are  refradted,  being  continued  backwards,  tend  through  T)d, 
to  Points  as  F,  which  all  together  make  a  Circle  5  which  the  Point  F  has 
defcrib’d,  in  the  faid  Revolution  of  the  Plane. 

Now  when  the  Rays  proceeding  from  A  are  difpers’d  a  little,  they  may 
ail  be  conlider’d,  as  if  they  were  of  thofe,  which  are  thus  contain’d  be¬ 
tween  the  faid  Surfaces,  whence  follows  what  has  been  demonftrated 
above  *. 

We  may  conceive  the  Cone,  which  the  Rays  a  little  difpers’d  make, 
plac’d  in  fuch  Manner,  that  it  may  be  beneath  the  Plane  of  the  Figure, 
and  may  touch  it  •,  then  the  fmall  Line  at  F,  through  which  the  Rays 
pafs  *,  is  all  above  the  Plane  5  and  all  the  Rays  between  D  and  F  make 
a  Pyramid  whofe  Bafe  is  DdF ,  and  Vertex  the  upper  Point  of  the  fmall 
Line  at  F. 

The  Triangle  Dri  is  infinitely  fmall  in  refpedl  of  FD d\  therefore,  in¬ 
ftead  of  the  faid  Bafe  we  may  have  the  Triangle  FDr.  Now  to  demon- 
ftrate  what  was  faid  of  determining  the  Point,  which  is  had  for  the 
Point  of  Difperfion,  or  Focus  *,  we  muft  determine  the  Ratio,  which  is 
given  between  Dr  and  the  fmall  Line,  which  determines  the  Height  of 
the  Pyramid,  which  we  fhall  call  a . 

Let  us  firft  fuppofe  the  diverging  Rays  to  make  a  right  Cone,  whofe 
Section,  in  the  Surface  feparating  the  Mediums,  is  an  Ellipfe,  whofe 
greater  Axis  is  equal  to  B^,  and  whofe  lefs  Axis  is  perpendicular  to  the 
Plane  of  the  Figure,  and  equal  to  Bo. 

We  fet  afrde  B£,  and  confider  B^,  whofe  Magnitude  that  determines. 

As  FB  is  to  FD,  or  CE  to  CD,  fo  is  B^  to  Dr. 

As  DB  is  toDF,  orDE  to  CD,  fo  is  Bo  to  a\ 
becaufe  the  Vertex  of  the  fimilar  Triangles,  from  which  the  Proportion  is 
deduc’d,  is  given  between  D  and  d. 

If  inftead  of  the  fmall  Lines  B^,  Bo ,  we  take  others  which  have  the 
fame  Ratio  as  thefe,  the  laft  Terms  of  thefe  Proportions  will  give  us  Lines, 
which  will  be  to  one  another  as  dr  and  a. 

The  fimilar  Triangles  give  B^,  B B0,  and  EL,  EB,  EH,  in  or¬ 
dinate  Proportion  whence 

by  Equality  B^  :  Bo  :  :  EL  :  EH. 

We  have  alfo  (Fig.  6.)  CE  :  CD  :  :  EQj=EL  :  DT. 

and  DP  :  SD  :  :  DE  :  CD  ::  BP=:EH  :  FS. 

Therefore  DT  :  FS  :  :  dr  :  a*. 

If  we  conceive  the  Pyramid  above-mention’d  *,  cut  at  V,  we  difeover 
the  Breadth  of  this  Sedtion  by  this  Proportion : 

DF,  FV  ::  DS,  Sy  ::  Dr,  to  the  Breadth. 

We  have  the  Height  by  this  Proportion, 

DF,  DU  :  :  DS,  D y  as  to  the  Height. 
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Inftead  of  dr  and  a ,  Quantities  being  put  in  the  fame  Ratio  of  DT 
toFS*,  we  difcover  the  fourth  Term  of  both  Proportions  to  be  Yy  ;  * 
whence  it  follows,  that  the  Section  makes  a  Square,  and  that  it  was  well 
determin’d  in  the  Conftrudtion  *.  * 

If  the  diverging  Rays  make  an  oblique  Cone,  whofe  Bafe  is  in  the 
Surface  itfelf,  which  feparates  the  Mediums,  and  the  Diameter  of  the 
Circle  equal  to  B/;,  this  ought  to  be  taken  for  a  fmaller  Axis  of  an  Ellipfe  j 
that  is,  what  was  faid  of  Btf,  muft  be  applied  to  B  b and  therefore  in¬ 
ftead  of  EH  we  ought  to  make  ufe  of  BE*  •,  then  the  Point  P  falls  on  * 
E,  and  PS  and  EC  are  confus’d,  as  alfo  ST  and  CT,  and  the  Point  V 
is  had  in  the  mutual  Sedtion  of  the  Lines  BE,  QC,  as.  has  been  fhewn  in 
N.  2905. 


CHAR  VIII. 

Of  the  RefraSHon  of  Light ,  when  the  Mediums  are  fe~ 

parated  by  a  fpherical  Surface . 

WE  have  many  Cafes  to  be  examin’d,  which  I  fhall  briefly 
confider ;  I  fhall  firft  fhew  in  general  what  belongs  to  this 
Motion,  and  fhall  afterwards  add  fome  Things  in  particular. 

Let  Zand  X  be  Mediums  feparated  by  a  fpherical  Surface,  whole 
Center  is  C,  the  firft  the  lefs,  the  laft  the  more  refracting. 

Phe  incident  Ray,  that  paffes  through  the  Center ,  or  would  pafs 
through  if  continued,  is  not  turn'd  out  of  it's  way  by  Refraction  * 
for  a  fpherical  Surface  may  be  looked  upon  as  confijhng  of  innumerable 
jmall  Planes ,  which  are  perpendicular  to  the  Extremities  of  the  Dia¬ 
meters. 

Therefore  the  Angles  of  Incidence  and  Refradtion  are  thofe, 
which  the  incident,  or  refradted  Rays,  make  with  fuch  Lines. 

Let  N  M  be  the  incident  Ray ;  the  refradted  Ray  is  fought. 
Through  the  Center  C  draw  CM,  as  alfo  BCD,  parallel  to  the 
Ray  N  M ;  and  the  Point  d  being  taken  at  Pleafure,  we  muft  ap¬ 
ply  the  Line  dm  in  the  Angle  MC  d,  which  is  to  d C,  as  the  Sine 
of  Incidence  to  the  Sine  of  Refradtion ;  and  the  refradted  Ray  MD, 
or  M  d,  will  be  parallel  to  md. 

M C  makes  an  Angle  with  CD  obtufe  on  one  Side,  and  acute 
on  the  other  ;  when  d  m  exceeds  d  C,  that  is  applied  in  the  ob¬ 
tufe  Angle ;  otherwile,  v/e  make  ufe  of  the  acute  Angle  ;  this  al¬ 
ways  happens  in  the  Paliage  out  of  a  more  refracting,  into  a  lefs 
refracting  Medium. 
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If  in  this  Cafe  dm  be  not  long  enough,  that  the  Application 
may  be  made,  the  Refradion  is  impoffible,  and  the  Ray  does  not 
pafs  into  a  Id's  refrading  Medium.  In  this  Cafe  if  from  the  known 
Angle  of  Incidence,  we  feek  the  Angle  of  Refradion  by  Compu¬ 
tation  *,  we  iind  it  to  be  greater  than  a  right  Angle  ;  which  fhews 
the  Refraction  to  be  impoffible. 

We  made  m  d ,  d  C  proportional  to  the  Sines  of  the  Angles  of 
Incidence  and  Refradion,  which  are  as  M  D,  DC;  whence  we 
deduce  that  the  refraded  Pvay  was  well  determin’d,  if  we  attend 
to  the  two  Things  that  follow. 

That  in  every  Triangle ,  the  Sines  of  the  Angles  are  proportional  to 
the  oppofite  Sides  :  And  that  any  Angle  with  it's  Complement  to  two 
right  ones  has  the  fa  me  Sine . 

Whence  it  follows  that  in  the  Angle  M  D  C,  the  Sides  M  D, 
D  C  are  to  one  another,  as  the  Sines  of  the  Angles  M  C  D,  or 
M  C  B,  and  CMDj  which  Sines  therefore  are,  as  the  Sines  of 
Incidence  to  the  Sine  of  Refradion  ;  but  the  Angle  M  C  B  is 
,  equal  to  the  Angle  of  Incidence  * ;  therefore  C  M  D  is  the  Angle 
of  Refradion,  or  it’s  Complement  to  two  right  ones. 

When  the  Point  D  falls  in  the  Medium,  in  which  the  incident 
Ray  is  given,  as  happens,  when  the  Convexity  of  the  Separation 
is  given  on  the  Side  of  the  more  refrading  Medium,  the  refraded 
Ray  is  not  the  Line  D  M  itfelf,  but  the  Continuation  of  it. 

Hence  we  deduce,  how  direB  parallel  Rays,  a  little  difpers'd,  are 
refraded  in  their  Pnjfage  out  of  one  Medium  into  another ,  if  thefe  be 
feparated  by  a  fpherical  Surface . 

The  Ray  AB  is  not  bent  %  a  b  is  refraded,  and  becomes  ^F,  or 
b  f ;  and  b  F  is  to  F  C,  as  the  Sine  of  Incidence  to  the  Sine  of 
Refradion  ;  but  as  B  b  is  fmall,  B  F  and  b  F  are  equal  to  Senfe. 
If  therefore  F  be  determin’d  in  fuch  Manner,  that  B  F  be  to  F  C 
in  the  faid  Ratio  of  the  Sines  of  Incidence  and  Refradion,  F  will 
be  the  Focus,  or  Point  of  Difperfion,'  of  all  the  refraded  Rays 
parallel  to  AB,  and  with  which  this  is  furrounded  at  a  fmall 
Diftance.  Thefe  refraded  Rays  are  converging ,  when  the  Convexity 
of  the  Separation  is  given  on  the  Side  of  the  lejs  refraBing  Medium , 
then  they  meet  at  Fk.  In  a  contrary  Difpoftion  of  the  Surface  they 
are  diverging ,  and  are  mov’d,  as  if  they  proceeded  from  F  *. 

We  fhall  now  confider  in  general  all  the  different  Cafes  of  Rays 
that  are  dired  and  a  little  difpers’d. 

With  regard  to  all  we  muff  obferve  that  the  Rays  which  proceed 
from  a  Point,  or  tend  towards  a  Point,  which  we  affirm  to  belong 
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to  one  Point,  are  mov’d  after  Refradtion,  to  Senfe,  as  if  they  alfo 
hdong  d  to  one  Point  as  has-been  demonfirated  of  parallel  Rays  - 
which  will  be  feen  in  the  firft  Scholium  following  •  in  which  we 
fhall  demonftrate  a  general  Rule  to  determine  the  Refraction  in  all 
Cafes ;  which  we  fhall  be  able  to  exprefs  more  limply,  if  we  call 

to  £to  Rde  ^  C°me’  Poi“  »f  “  Bu, 

The  Diftance  between  the  Point  of  the  incident  Rays  and  the  Point  of 

the  r ef raided  parallel  Rays,  proceeding  from  a  contrary  Part ,  is  to  the 

Sf/T  befeeffefame^nt  of  the  incident  Rays  and  the  Surface, 

TfiTtZ  MedlUmr'  the  D^anCe  between  **  fid  Point  of 
the  parallel  Rays,  proceeding  from  the  contrary  Part,  and  the  Center 

L  rfltjRaf  Pn“  te'W‘"‘  S“rf“e  mi  ,h‘  P°"“  °f 

Let  Z  be  the  lefs  refradting Medium,  X the  more  refradting  one  •  20,1 

R  the  Point  of  the  incident  Rays,  whether  it  be  the  Radiant  of  di-  PI  ^ 
verging  Rays,  or  the  imaginary  Focus  of  converging  ones  -  let  F  r?-'  9y’ 
be  the  Focus*  or  Point"  of  Difperfion  < 

cee  ing  from  contrary  Parts ;  C  the  Center  of  the  Surface  B  V  that?’  °' 

feparates  the  Mediums;  laftly  let  F  be  the  Point  of  refradted  Rays  2 9*7 
that  is,  the  Focus  of  converging  Rays,  or  the  Point  of  Difperfion  +  292>c 
of  diverging  ones  According  to  the  Rule  *,  R  E  is  to  RV  as*  , 

55  Wlth  Nf  to  Which  Proportion  it  mull  be  obferv’d  '  93  ° 

that  VF  is  put  at  the  fame  Part  with  E  C,  when  RE  and  R  V  are 

£  ECS  VP  f  ft  P°int  bUt  lf  *  between  E  and  V  • 

let,r  L  and  v  F  be  taken  towards  contrary  Parts 

t\nJiul{0Ul  FigUrCS  are  of  Ufe-  in  confidering  contrary  Mo- 
n ,  then  F  is  the  Point  of  the  incident  Rays  and  R  the  Point  nf 

the  refrafted  Rays ;  but  then  inftead  of  E  we  ought  to  maS  u^ 

alter’d  F  P.aralle{f  °PPoflte  Rays,  and  the  Proportion  is 

alter  d  into  this,  F  e  is  to  F  V,  as  e  C  is  to  V  R. 

if,  negledting  the  accurate  Determination  of  Refradtion  we' 
wou  d  confider  all  the  Cafes  feparately,  we  ought  only  to  have  re¬ 
gard  to  this,  whether  the  Refradtion  be  towards  the  Perpendicular 
or  from  it  and  we  fhall  eafily  difcover  what  follows.  ?  ’ 

reLSin^on!  Ptfer  ,0Ut  °fr  *  ^  rfraSiinS  Medium,  into  a  more 

Convexity  thf  Jf^ated  by  a  Jpherical  Surface,  whofe 
mvexity  ts  towards  the  Part  oj  the  firjl  Medium,  thefe  Things  Jo- 

Parallel  Rays  become  convergent. 
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Experiment  i. 

* 

We  join  together  the  two  Boxes  DAf,  and  P  -f*  in  fuch  Man¬ 
ner,  that  the  convex  Surface  of  the  Glafs  V  may  be  outwards* 
this  laft  Box  is  fill’d  with  Water.  We  make  ufe  of  an  horizontal 
Ray,  as  in  the  Experiments  of  the  two  laft  Chapters. 

The  Light  enters  the  firft  Box  through  the  Hole  d ,  and  the  pa 
rallel  Rays  make  a  Cylinder,  which  diftin&ly  appears  by  Means  of 
white  Powder  *.  Thefe  Rays  go  through  the  convex  Surface  into 
the  Water,  become  converging,  and  meet  at  F. 

Diverging  Rays ,  the  Radiant  being  remov'd  enough  ,  become  con¬ 
verging  alfo ;  but  the  Radiant  approaching ,  the  Focus  is  remov'd , 
and  the  contrary . 

Experiment  2. 

All  Things  remaining  as  in  the  foregoing  Experiment,  we  make 
ufe  of  the  Board  T  *,  that  is  furnifh’d  with  a  Glafs,  which  col¬ 
lets  the  Sun’s  Rays  at  the  Diftance  of  four  or  five  Inches  :  Then 
the  Rays  make  the  Radiant  Point  R,  and  diverging,  go  through 
the  convex  Surface  into  the  Water ;  they  become  converging,  and 
meet  at  the  Focus  F  ;  which,  when  it  is  remov'd  by  a  removal  of 
the  Board  T,  or  brought  nearer,  the  Radiant  R  is  agitated  with  a 
contrary  Motion. 

T he  radiant  Point  may  be  brought  fo  near  the  Surface  feparatmg 
the  Mediums,  that  the  Focus  will  recede  to  an  infinite  Diftance* 
that  is,  that  the  refraBed  Rays  will  become  parallel . 

Experiment  3. 

Things  being  order’d  as  in  the  laft  Experiment,  the  Board  T 
muft  be  mov’d  gently  in  fuch  Manner,  that  the  Focus  may  recede, 
by  the  approaching  of  the  Radiant  R,  and  the  Pofition  is  eafily 
difeover’d,  in  which  the  refracted  Rays  are  parallel. 

If  the  Radiant  Point  R  is  brought  nearer ,  the  refraCled  Rays  will 
become  diverging ,  yet  lefs  diverging  than  incident  Rays . 

Experiment  4. 

In  this  Experiment  the  Board  T  is  at  a  left  Diftance  from  V, 
than  in  the  laft,  in  other  Things  they  agree ;  but  the  Rays  are  di¬ 
verging  in  the  Water,  but  lefs  than  in  the  Air. 

If  the  incident  rays  are  convergings  and  tend  to  the  Center  of  the 
fpherical  Surjace ,  they  undergo  no  Refraction . 


If  they  be  directed  towards  another  Point,  as  they  are  refra&ed  2943, 
towards  the  Perpendicular  *,  the  Rays  are  fo  bent,  that  the  Focus  *  2787.2 *40. 
of  thefe  converging  Rays  is  always  given  between  the  Center  of  the 
Surface  feparating  the  Mediums,  (towards  which  all  the  Perpen- 
diculars^re  directed)  and  the  Point,  towards  which  the  incident 
Rays  tend.  That  is,  if  the  imaginary  Focus  of  the  incident  Rays  be  at 
a  lefs  Di/lance  than  the  Center ,  the  refracted  Rays  are  lefs  converging  * 

If  this  imaginary  Focus  be  beyond  the  Center ,  the  refraffed  Rays  will 
be  more  converging . 

The  laft  of  thefe  Cafes  only  is  well  reprefented  in  the  Experiment. 

Experiment  5. 

This  Experiment  alfo  differs  from  the  foregoing  ones  only  in  the  2  944.' 
Pofition  of  the  Board  T,  for  if  T  be  mov’d  nearer  to  the  Surface  PL  9  2. F. 5; 
V,  which  feparates  the  Water  from  the  Air,  the  converging  Rays 
will  enter  into  the  Water  3  now  if  this  Board  be  fo  difpos’d,  that 
the  Rays  may  be  directed  to  the  Point,  that  is  at  a  greater 
Diftance  from  the  Surface,  than  the  Center  of  it,  the  refra&ed  Rays 
will  be  more  converging. 

Now  if  we  fuppofe  the  Surface  to  be  turned,  and  to  be  convex  2945. 
on  the  Side  of  the  more  refraffing  Medium ,  and  the  Light  to  pafs 
out  of  a  lefs  ref  railing  into  a  more  ref  railing  Medium ,  as  in  the 
foregoing  Cafes ,  the  Phenomena  are  difeover’d  in  the  fame  Manner, 
by  confidering  that  the  Refraction  is  towards  the  Perpendicular. 

Parallel  Rays  become  diverging . 


Experiment  6. 

Things  being  order’d  as  in  the  firft  Experiment  the  Box  P  is  2946. 
turn’d  in  fuch  manner,  that  the~ Rays  may  go  through  the  convex  Pi. 9 2. F. 6« 
Surface,  which  is  towards  the  Water,  into  it  3  the  Rays  will  be  di- 
verging  in  the  Water. 

If  the  Rays  be  diverging ,  arid  the  Radiant  be  in  the  Center*  of  the  294 7. 

Surface ,  that  feparates’  the  Mediums ,  the  Rays  are  not  bent  by  Re- 
fraffion . 

If  the  Radiant  be  at  a  lefs  I)i fiance  from' the  Surface,  the  ref  raffed  2948. 
Rays  will  be  lefs  diverging.  But  if  the  radiant  Point  be  more  re¬ 
mov'd  from  the  Surface  than  the  Center,  the  ref  raffed  Rays  are  more 
diff  ers' d  than  the  incident  Rays'.  Which  is  confirhVd  by  Experiment. 


Experiment  7. 

The  Box  P  remaining  in  the  Pofition  mention’d,  the  reft  agrees  2949. 
with,  the  lecond  Experiment  *  3  and  the  diverging  Rays  become  Pl.32.E7. 
more  diverging,  whiift  they  go  into  the  Water.  *  2 937* 
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.//'  ///<?  ifoyj  be  convergings  and  the  imaginary  Focus  be  in  the  more 
refracting  Medium  at  a  [mail  Difance  from  the  Surface  feparating 
the  Mediums ,  the  refraCled  Rays  converge  alfo,  but  lefs  than  the  inci¬ 
dent  Rays. 

If  the  imaginary  Focus  of  the  incident  Rays  recedes  more,  that 
is,  if  the  faid  Rays  converge  lefs ,  the  refracted  Rays  will  aljp  con¬ 
verge  lefs,  fy  the  receding  of  the  imaginary  FocuSs  the  refracted 
Rays  are  parallel. 

In  a  greater  Recefs  of  the  imaginary  Focus ,  the  refracted  Rays  be¬ 
come  diverging. 

Experiment  8. 

All  Things  being  order'd,  as  in  the  laft  Experiment,  move  the 
Board  T  towards  the  Surface  in  fuch  Manner,  that  the  converging 
Rays  may  enter  into  the  Water,  and  the  imaginary  Focus  may  be 
at  a  fmall  Diftance  from  the  Surface,  the  refradted  Rays  become 
lefs  converging,  and  meet  at  F. 

If  the  Board  be  brought  nearer  and  nearer  the  Focus  recedes,  and 
the  refradted  Rays  will  become  parallel. 

And  thefe  are  diverging,  if  the  Convergency  of  the  incident 
Rays  be  yet  diminifh’d  more. 

After  the  fame  Manner  we  determine,  what  obtains  in  the  Paf- 
fage  out  oj  a  more  refracting  Medium  into  a  lefs  refracting  one  ;  and 
firft  indeed  if  the  convex  Surface  be  given  towards  the  lefs  refracting 
Medium. 

Parallel  Rays  after  Refraction  meet  in  the  Focus. 

The  Rays  that  come  frdm  a  radiant  Points  do  alfo  meet  in  the 
Point  or  Focus  j  and  as  this  Point  is  brought  nearer ,  the  Focus  goes, 
farther  offs  and  contrariwife. 

The  radiant  Point  may  be  fo  plac'd ,  that  the  Focus  will  fly  off  to 
an  infinite  Diftance,  that  is,  the  refracted  Rays  will  become  parallel. 

If  the  radiant  Point  be  brought  nearer ,  the  Rays  that  are  refraCted 
will  diverge  ;  but  yet  lefs  than  the  incident  Rays ,  if  the  radiant  Point 
be  more  diftant  from  the  Surface  than  the  Center. 

But//"  the  radiant  Point  be  between  the  Surface  and  Centers  the 
refraCled  Rays  will  be  more  diverging. 

If  the  Rays  are  convergings  they  become  more  converging  in  every 
Cafe. 
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Experiment  9. 

We  make  ufe  of  the  long  Box  AB  which  is  open  at  the  2962. 
Sides  *  ;  acrofs  this,  at  right  Angles  is  plac’d  the  fmaller  Box  PI.93.F.I, 
FE  -f*,  in  fiich  a  Pofition,  that  the  Rays,  which  enter  the  greater*  2755. 
Box  through  the  Hole  d,  and  follow  the  Direction  of  it,  pafs  per-  *f*  2766. 
pendicularly  through  the  Glafs  Plane  of  the  fmaller  Box,  and  go 
out  of  it  through  the  Glafs  V,  whofe  Convexity  is  outwards. 

The  Box  is  fill’d  with  Water,  and  the  Rays,  which  are  parallel 
in  Air,  keep  their  Direction  in  the  Water  *,  and  pafs  into  the  Air*  2793" 
through  the  fpherical  Surface,  whofe  Center  is  towards  the  Water  5 
but  they  converge  in  the  Air. 


Experiment  10. 

All  Things  remaining,  the  Board  T,  that  has  the  convex  Glafs  *, 
is  fo  plac’d,  that  the  diverging  Rays  may  enter  into  the  Water, 
through  the  Surface  of  the  Glafs  Plane  of  the  Box  E,  then  the 
Rays,  which  remain  diverging  in  the  Water  •f,  going  into  Air, 
become  converging. 

If  the  Radiant  comes  nearer,  the  Focus  will  recede^  and  laftly 
the  Rays  going  out  of  the  Water  are  parallel. 

If  the  Radiant  be  brought  ftill  nearer,  fo  that  it  be  in  the  Sur¬ 
face  of  the  Glafs  Plane,  the  diverging  Rays  in  their  Paflage  into 
Air  remain  diverging,  but  they  diverge  lefs  than  in  Water. 


2963, 
PL93.F.2* 
*  2772. 
•'j'*  2885* 

2964* 

PI93.F.3* 

2965. 

p1.9j.F4. 


Experiment  ii. 

Move  the  Board  T  towards  the  Box  E  in  fuch  Manner,  that  the  2966. 
converging  Rays  may  go  out  of  the  Water,  and  they  will  converge  PI.94.F.X 
more  in  the  Air. 

There  remain  to  be  confider’d  the  Rays ,  which  go  out  of  a  more  2967» 
refracting  Medium  into  a  lefs  refracting  one ,  the  concave  Surface  be¬ 
ing  towards  the  lefs  refracting  Medium .  If  thefe  Rays  be  parallel , 
they  become  diverging  by  Refraction . 

If'  they  proceed from  a  radiant  Pointy  they  become  more  diverging ..  2968. 

And  they  fill  diverge  more  and  morey  as  the  radiant  Point  is  2969. 
brought  nearer . 

Converging  Rays ,  which  tend  to  the  Center  of  the  fpherical  Surface ,  2970» 

undergo  no  Alteration . 

If  they  converge  more  or  lefs ,  the  imaginary  Focus  of  the  incident  2  97 10 
Rays  will  always  be  between  the  Center  of  the  Surface  feparating  the 
Mediums ,  and  the  Focus  of  the  refraCled  Rays  3  which  can  recede  ad 
infinitum,  fo  as  to  make  the  refraCled  Rays  parallel. 
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Experiment  12, 

This  Experiment  agrees  with  the  ninth ;  only  the  Polition  of 
the  Box  F  E  is  alter’d  in  fuch  Manner,  that  the  Rays  may  pafs 
through  the  Glafs  R  ;  then  the  Rays,  which  are  parallel  in  the 
Water,  going  into  the  Air  diverge. 


2974 

pi.  94. 

Fig.  4* 

2  9 75 
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Experiment  13. 

2973.  If  by  making  ufe  of  the  Board  T,  the  Rays  diverge  in  the  Wa- 
Pl.  94.  ter,  they  go  out  more  diverging,  and  as  the  Radiant  comes  nearer, 
pjgt  j .  their  Difperfion  at  the  going  out  is  increas’d. 

Experiment  14. 

If,  the  Board  being  brought  near,  as  in  the  eleventh  Experi¬ 
ment,  the  converging  Rays  fall  upon  the  convex  Surface  of  the 
Glafs  R,  in  going  into  the  Air  they  will  be  lefs  converging. 

The  Board  T  being  brought  towards  the  Box  E,  the  Focus  F 
*  will  recede,  and  thus  this  is  eafily  remov’d,  that  the  Rays  may  be¬ 
come  parallel. 

If  then  the  Board  be  brought  nearer,  the  Rays  will  diverge  in 
’  Air. 

If  there  be  many  radiant  Points,  and  Rays  pafs  diredlly  from  all 
of  them  into  a  more  refra&ing  Medium,  through  the  convex  fphe- 
rical  Surface  on  the  Side  of  the  lefs  refradting  Medium,  the  Di- 
ftance  of  the  Radiants  being  fuppos’d  fufficiently  great,  every  one 
of  thefe  will  have  it’s  Focus  *  ;  but  every  one  of  thefe  is  given, 
with  it’s  Radiant,  in  the  fame  right  Line,  which  pafles  through 
the  Center  of  the  Sphere,  a  Portion  of  which  the  Surface  makes. 
When  all  the  Radiants  are  equally  diftant  from  this  Surface,  which 
feparates  the  Mediums,  all  the  Foci  are  alfo  equally  remov’d  from 
it  on  the  oppolite  Side.  But  when  all  the  faid  Lines  pafs  through 
the  fame  Point,  they  make  two  Pyramids,  oppofite  at  the  Vertex, 
and  fimilar ,  wherefore  all  the  Foci  are  dilpos’d  among  themfelves, 
as  the  radiant  Points  themfelves,  but  in  an  inverted  Pofition.  If 
thefe  Foci  fall  upon  a  white  Surface,  and  the  extraneous  Light  be 
not  too  vivid,  they  will  exhibit  an  inverfe  Pidture  of  the  radiant 
Points.  But  it  is  required  that  the  radiant  Points  take  up  a  fmall 
Space,  otherwife  the  Rays  from  all,  will  not  be  diredt  together  and 
a  little,  difpers’d  for  each  of  them. 
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Experiment  15. 

All  the  Points  of  the  Surface  of  the  Flame  C,  are  radiant  Points;  2978. 
at  the  Diftance  of  two  or  three  Feet  from  the  Candle  is  plac’d  the  pp 
Box  P  *  in  fuch  Manner,  that  the  Glafs,  whofe  convex  Surface  pjg  I 


2671 
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is  outwards,  may  be  turn’d  to  the  Candle,  and  the  Light,  which  * 
enters  through  it  into  the  Box,  may  be  carried  along  the  Box. 

The  Box  muft  be  put  upon  the  fmall  Table  *,  that  it’s  Aperture  * 
may  be  rais’d  as  high  as  the  Flame.  The  Light  is  intercepted  by 
a  Paper  A  B,  dy’d  with  fome  dark  Colour,  that  the  Light  may 
enter  into  the  Box  only  through  the  Hole  d>  whofe  Diameter  is 
equal  to  half  an  Inch. 

The  Box  is  fill’d  with  Water,  and  by  making  Trial  the  Pofition 
of  the  fmall  Table  T,  which  is  made  white  *,  is  fought,  that  the  *  2762.2764. 
Foci  of  the  radiant  Points  may  be  given  upon  the  Surface  of  the 
Table,  and  all  may  illuminate  one  Point  ;  then  we  fhall  have  the 
Flame  of  the  Candle  diftinCtly  painted  upon  this  Surface,  but  in¬ 
verted. 

I  fhall  now  fpeak  of  oblique  Rays,  a  little  difpers’d ;  but  I  fhall 
only  juft  mention  what  belongs  to  this  Matter,  and  demonftrate  it 
in  the  following  Scholiums. 

Let  X  be  the  more  refracting  Medium,  Z  the  lefs  refraCting 
Medium  ;  let  the  Ray  AB  pafs  out  of  one  Medium  into  another,  pf 
felling  obliquely  upon  the  fpherical  Surface,  feparating  the  Mediums,  p  2 
and  whofe  Center  C  is.  Through  this  we  draw  H  C  D,  parallel  to  3  ^ 

AB,  and  we  determine  the  refraCted  Ray  BD  *  ;  we  draw  CL  * 
perpendicular  to  this,  to  which  we  draw  B  G  parallel,  cutting  the 
Line  D  C  at  G.  Through  B  is  drawn  to  the  Surface,  feparating 
the  Mediums,  a  Tangent,  which  meets  the  fame  Line  D  C  at  H. 

The  Points  H  and  L  are  join’d  by  a  Line,,  that  cuts  B  G  at  I.  If 
a  parallel  to  A  B,  be  drawn  through  I,  this  will  cut  the  refraCted 
Ray  BD  atF,  in  which  Point,  all  the  Rays  parallel  to  A  B,  and. 
at  a  fmall  Diftance  from  it,  meet  with  this  Ray,  after  RefraCtion. 

If  the  oblique  Rays  be  diverging,  or  converging,  and  a  little 
difpers’d,  we  difeover  the  Focus,  or  Point  of  Difperfion,  by  the 
following  Conft  ruCtion. 

Let  R  be  the  Radiant  Point,  or  imaginary  Focus  of  the  incident 
Rays;  RB  one  of  the  incident  Rays,  or  a  Continuation  of  it ;  PL  96. 

BF  the  fame  Ray  refraCted  * ;  and  it’s  Continuation  B  L  ;  Let  E  F.  4,  5.. 
be  the  Focus,  or  Point  of  Difperfion,  of  parallel  Rays  proceeding  *  2010, 
from  contrary  Parts,  in  the  Direction  F B  *f\  +  ^080 
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The  Point  G  is  determin’d  by  this  Proportion,  as  the  Sine  of 
Refraction  is  to  the  Sine  of  Incidence,  fo  is  E  B  to  E  G. 

From  the  Center  C,  of  the  Surface  feparating  the  Mediums, 
CL,  CD,  are  drawn  perpendicular  to  the  Lines  B H,  BR;  and 
the  Points  D  and  L  are  join’d  by  a  Line ;  and  R  H  is  drawn  pa¬ 
rallel  to  D  L.  If  then  it  be  as  R  E  to  E  G,  fo  is  H  B  to  B  I,  and 
through  I  be  drawn  I F,  alfo  parallel  to  D  L,  F  will  be  the  Point 
fought. 

When  R  E  and  E  G  are  directed  towards  the  fame  Part,  H  B, 
B  F,  tend  alfo  to  the  fame  Part,  as  in  Fig.  4 ;  if  they  be  oppolite 
to  the  firft  of  thefe  Lines,  H  B,  B  F,  are  alfo  directed  towards 
contrary  Parts,  as  in  Fig.  5 ;  which  alfo  may  be  thus  exprefs’d : 
That  the  Point  B  is  to  F  and  H,  as  E  is  to  G  and  R. 

W e  ought  to  refer  to  this  Place,  what  was  faid  in  the  foregoing 
Chapter  concerning  oblique  Rays  *  ;  that  the  Demonftrations  only 
relate  to  Rays  in  the  Plane  of  the  Figure. 

If  the  parallel  Rays  make  a  Cylinder,  whofe  SeCtion  through  the 
Axis  is  between  A  B,  ab ,  the  refraCted  Rays  pafs  through  the  fmall 
Line,  perpendicular  to  the  Plane  of  the  Figure  at  F  5  and  after¬ 
wards  pafs  through  the  fmall  Line  D  d.  If  we  conceive  a  Plane 
between  F  and  D,  againft  which  the  Rays  run  direCtly,  thefe  will 
make  there  a  rectangular  Spot,  which  is  had  for  the  Focus,  or 
Point  of  Difperfion,  when  it  is  fquare  *. 

The  fame  Things  obtain  in  diverging  and  converging  Rays ;  all 
the  Rays  pafs  through  the  fmall  Line,  perpendicular  to  the  Plane  of 
the  Figure  at  F ;  and  in  this  Plane  the  fame  Rays  pafs  through  a 
fmall  Portion  of  the  Line,  which  wou’d  pafs  through  R  and  C,  and 
in  which  this  fmall  Portion  wou’d  be  determin’d  by  the  InterfeCtion 
of  the  Lines  BF,  £F,  continued  if  Occafion  requir’d. 

But  the  Places  where  the  Spots  are  fquare  are  determin’d  by  Con- 
ftruCtions  like  thofe,  which  were  deliver’d  in  the  laft  Chapter, 
which  I  fhou’d  explain  more  diftinCtly,  if  this  Determination  were 
of  any  ufe  in  explaining  Phenomena. 

But  we  fpoke  of  determining  the  Point  F,  that  it  might  ap¬ 
pear,  that  what  was  demonflrated  in  another  Cafe  *,  obtains  here 
alfo,  that  there  is  no  Focus ,  or  Point  of  Difperfo?i  of  oblique ,  di¬ 
verging^  or  converging  Rays ,  how  little  foever  they  are  difpers'd ,  if 
the  Mediums  be  feparated  by  a  fpherical  Surface  ;  which  follows 
from  what  was  faid  of  the  Spot,  or  fmall  Space,  through  which 
the  Rays  between  F  and  D  pals. 
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All  Alterations  in  Light ,  fpoken  of  in  this  Chapter,  are  the  more  29  8  fh 
fenfible ,  as  the  Surface ,  feparating  the  Mediums ,  is  more  curve,  that 
/V,  a  Portion  of  a  lefs  Sphere . 

#  *  »  *“  ,  S  *  #  i  '  '  (  {  .  >  ; 

SCHOLIUM  I. 

A  Demonf  ration  of  the  Ruley  deliver'd  in  N.  2930,  concerning  the 
Determination  of  the  Refraction  of  direCt  Rays . 

LET  us  fuppofe  the  Ray  RB,  or  r  B,  to  be  refracted  along  BF,  or  2989. 

along  the  Continuation  of  it  B  f\  we  mu  ft  demonftrate  that  the  Re-  PI.  95.. 
fraction  was  well  determin’d,  thofe  things  being  fuppofed,  which  were  F.  5, 6, 7, 8. 
explain’d  in  N.  2931. 

The  Angle  of  Incidence  is  RBC,  or  it’s  Complement  to  two  right 
ones.  The  Angle  of  Refraction  is  CBF,  or  it’s  Complement  to  two  Right 
ones.  If  the  Ray  EB  be  an  incident  Ray,  B  a  will  be  refraCted  *  the  *  2789. 
Angle  of  Incidence  will  be  E  B  C,  or  it’s  Complement  to  two  Right  ones 
and  the  Angle  of  RefraCtion  a  BC  or  it’s  Complement  to  two  Right  ones. 

All  thofe  Angles  (or  at  leaft  their  Complements,  which  are  then  to  be 
ufed)  are  fmall,  and  therefore  they  are  as  their  Sines  •,  therefore,  as  there 
is  a  conftant  Ratio  between  the  Sines  of  Incidence  and  RefraCtion,  in  this 
Cafe  alfo,  that  is,  when  the  Angles  are  fmall y  there  is  given  that  fame  con¬ 
ftant  Ratio  of  Refraction  between  the  Difference  of  the  Angles  of  Incidence  and 
the  Difference  of  the  Angles  of  Refraction  *  ;  that  is,  there  is  this  Ratio  be-  *  16. 17.  El.  5. 
tween  the  Angles  RBE,  orrBE,  and^BF,  or  ^B/r:  BFV  f,  as 29.  El.  i. 
alfo  between  the  Sines  of  them-,  which  therefore  are  as  EC  to  EB*.  *  2919. 
But  thefe  Sines  are  in  a  Ratio  compounded  of  the  Sine  of  the  Angle 
R  B  E  to  the  Sine  of  the  Angle  B  R  V,  and  the  Ratio  of  the  Sine  of  this 
laft  to  the  Sine  of  the  Angle  B  F  V. 

The  firft  Ratio  is  that  which  is  between  RE  and  EB*.  The  fecond  *  2923.2924. 
Ratio  is  between  F  B  and  R  B,  or  V  F  and  R  V,  by  reafon  of  the 
fmall  Arch  B  D  :  therefore 

EC  :  EB  :  :  RExVF  :  EBxRV. 

EBxRE  x  FV  =  EC  x  EB  x  RV,  or  RExFV -ECxRV. 

And  RE  :  EC  :  :  RV  :  VF.  Which  was  to  be  demonftrated. 

SCHOLIUM  II.  - 

|  » .  _  •  «  •  '  T  »*  *  \  \  0  *  / 

The  Demonf  ration  concerning  tide  Refraction  of  parallel  oblique  Raysy 

explain'd  in  N.  2980. 

L  t  _  i 

ET  AB,  ab ,  be  parallel  Rays  their  refraCted  Rays  BD,  bd\  we  2990. 
alfo  fuppofe  what  elfe  was  mention’d  in  N.  2980.  PL  96. F.  2. 

From  the  RefraCHon  it  follows,  ^:iC::BD:DC*-,  *  2919. 

By  Altern.  andDivif.  and  by  Altern.  again,  dm  fab  \  D  d  :  :  BD :  BC. 

The  Triangles  D dm  and  DBG  are  fimilar  *,  and 

Di::^:DG:BD. 

Y 
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Therefore  by  equal  Perturb,  dm  c  b  :  dm  :  :  DG  :  DC; 

ByDivif.  eb  :  dm  :  :  DG  —  DC  ~CG  :  DC. 

But  the  Point  F  is  fought,  in  which  is  given  the  Interfe&ion  of  the 
Rays  B  D,  b  d. 

By  Reafon  of  the  fimilar  Triangles  BF  ey  D  F  m, 

B  e  :  D  m  :  :  B  F  :  F  D. 

The  Ratio  between  B*  and  D  m  is  made  up  of  the  three  Ratios  of 
Be  to  eb ,  eb  to  dm ,  and  laflly  dm  to  Dw;  which  three  Ratios  we 
determine.  G  N  being  drawn  parallel  to  B  D,  the  Triangles  B  e  b  and 
BGN  are  fimilar,  and 

B<?:^£::BG:GN. 

eb  :  dm  :  :  CG  :  DC*  :  :  BL  :  LD  j  by  reafon  of  the  Parallels 

B.G,  LC.  ^  ?  l*6  *1 

dm  :  D  m  ::  DB  :  BG  ;  by  reafon  of  the  fimilar  Triangles  D  dw> 
BDG. 

Therefore  Be  is  to  Dw,  as  the  Produdt  of  the  Antecedents  BGxBL 
x  D  B,  to  the  Produ6t  of  the  Confequents  GNxLDxBG,  in  which 
Ratio  alfo  BF  is  to  FD  * 

But  GNxLD=BDxGO  ;  for,  by  reafon  of  the  Parallels  DB,  GN* 

BD  :  GN  :  :  DL  :  GO. 

Therefore  BF  :  FD  :  :  BGxBLxDB  :  BDxGOxBG  :  :  BL:GO; 
in  which  Ratio  alfo  is  BI  to  IG,  by  reafon  of  the  fimilar  Triangles 
BLI,  IGO. 

Therefore  a  Line  drawn  through  I  parallel  to  GD  determines  the  Point 
F  ;  for  then  BF  :  FD  :  :  BI  :  IG. 

If  we  conceive  the  Plane  of  the  Figure  to  turn  about  the  fixed  Line 
D  C  H,  the  Rays  A  B,  a  b,  turn  about  in  fuch  manner,  as  to  make  Cy¬ 
linders,  which  have  the  common  Axis  DH;  all  the  Rays  parallel  to  this 
Axis,  which  are  contain’d  between  the  Surfaces  of  thefe  Cylinders,  make 
by  their  mutual  Interfe&ions  a  Circle,  which  the  Point  F  defcribes,  in 
the  faid  Revolution.  The  Rays  a  little  difperfed,  which  we  fpoke  of  in 
N.  2980,  are  contain’d  between  the  faid  Surfaces  of  the  Cylinders  *  there¬ 
fore  thefe,  by  mutual  Interfe<5tions,  make  a  fmall  Portion  of  the  faid 
Circle ;  that  is,  they  pafs  through  the  fmall  Line,  perpendicular  to  the 
Plane  of  the  Figure  at  F,  as  has  been  faid  *. 


SCHOLI  U  M  III. 

Of  the  'Refraction  of  oblique  Raysy  diverging^  or  converging,  mention?  d 

in,N.  2982. 

*994*  TI7HAT  has  been  explain’d  in  N.  2982.  being  fuppofed,  we  con- 
Pl.96.  F.4.  VV  ceive  the  Ray  R£  which  is  refradled  along  £F,  meeting  with  the 
retraced  Ray  B  F,  at  F,  ^  we  muft  demonftrate  that  the  Point  F  was  well 
determined. 
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With  the  Center  R,  through  B,  is  defcrib’d  the  Arch  B  m  ;  with  the 
Center  F,  through  b ,  is  defcrib’d  the  Arch  bn ;  with  the  Center  B, 
through  the  Points  L,  D,  and  E,  are  defcrib’d  the  Arches  L/,  D^/,  Ee. 

The  Triangles  C  B  L,  B  b  are  fimilar ;  for  they  are  re&angular,  and 
moreover  the  Angles  b  B  n  and  B  C  L  are  equal ;  becaufe  C  B  L  is  the 
complement  of  each  to  aright  Angle ;  which  follows  with  regard  to  BCL 
from  the  Property  of  Triangles*;  and  with  regard  to  b Bn  from  this, 
that  the  three  Angles  b  B  #,  b  B  C,  CBL,  are  equal  to  two  right  ones  f, 
and  the  middle  one  of  thefe  is  a  right  one. 

After  the  fame  manner  we  prove  that  the  right-angled  Triangles  B  bmy 
BCD,  whofe  Angles  bBm,  C BD  are  equal,  are  fimilar;  becaufe  m BC 
is  the  Complement  of  each  to  a  Right  Angle.  Therefore, 

b  n  :  B  b  :  :  B  L,  B  C. 

B  b  :  B  m  :  :  B  C,  BD; 

And  by  Equality,  bn ,  Bw  :  :  BL,  BD  :  :  BH,  BR.  2995. 

But  the  Ratio  of  bn  to  B  w,  is  made  up  of  the  Ratios  of 

bn  to  L  /,  L  /  to  Di,  D d  to  E  e>  E e  to  B m. 

We  find  all  the  Ratios,  2996, 

By  Reafon  of  the  fimilar  Triangles  Eba ,  BL/,  ^ 

bn,  L/  :  :  FB,  BL  :  :  IB,  BD.  * 

For  the  incident  Ray  RB,  and  the  refraCted  one  B  F,  the  Sine  of  Re¬ 
fraction  is  C  L,  and  the  Sine  of  Incidence  CD ;  for  a  B  and  B  e ,  the  fame 
Sines  are  C  /,  C  therefore,  by  reafon  of  the  conftant  Ratio  between 
thefe  Sines  *, 

L /,  D d  :  :  CL,  CDf  :  :  BE,  EG. 

By  Reafon  of  the  fimilar  Triangles  BD  dy  BE<?  and  RE^,  RBw, 

D</,  Ee  :  :  BD,  BE; 

Ef,  B m  :  :  RE,  RB. 

Therefore  the  Ratio  of  b  n  to  B  that  is,  of  B  H  to  B  R  *,  is  made 
up  of  thefe  four  Ratios,  of  I B  to  B  D,  BE  to  E  G,  B  D  to  B  E,  and 
RE  to  RB. 

The  Ratio  compounded  of  the  Ratios  of  IB  to  B  D,  B  D  to  B  E,  BE 
to  E  G,  is  that  which  is  between  I B  and  EG ;  which  therefore  only  muft 
be  join’d  with  the  Ratio  of  R  E  to  R  B ;  and  we  have 

RExIB,  RBxEG  :  :  BH,  BR  :  :  BHxBI,  BRxBI*. 

The  Antecedents  of  the  firfi:  and  lafi:  of  thefe  Ratios  being  divided  by 
I  B,  and  the  Confequents  by  B  R,  there  is  given 

RE,  EG  :  :  BH,  BI.  - 

Whence  it  appears  that  in  the  ConflruCtion  N.  2982,  the  Point  I,  and 
therefore  F,  was  well  determin’d. 

If,  in  order  to  make  appear,  what  was  explain’d  in  N.  298 6,  we  would  2997. 
apply  to  thefe  Cafes,  what  was  demonftrated  in  Numbers  2907  and  2993, 
we  ought  to  conceive  the  Plane  of  the  Figure  to  revolve  about  the  fix’d 
Line  R  C,  and  then,  what  was  faid  in  thefe  Numbers  of  the  Rays  A  B, 

A  will  be  to  be  applied  to  the  Rays  R  B,  R  b. 
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♦  v  V  p‘  '  •  *  r  *  *■■  *  .  *  * 

Of  the  Motion  of  Light  through  a  more  refraSiing 
Medium .  Where  we  fhall  fpeak  of  the  Properties 

of  Lenfes. 

9  iO  H  E  ufe  of  Glaffes  is  common  \  Glafs  is  denfer  than  Air, 
j[  and  more  refracting  according  to  the  Ratio  of  the  Denfity  * ; 
and  the  Rays  coming  out  of  the  Air  into  Glafs,  pafs  though  it  into 
the  Air  again.  Light  undergoes  different  Changes  in  it’s  Paffage 
through  Glaffes,  according  to  the  various  Surfaces  that  terminate 
them.  In  order  to  determine  which,  the  Glaffes  or  any  Mediums 
encompafs’d  with  a  lefs  refracting  Medium,  terminated  with  diffe¬ 
rent  Surfaces,  muff  be  examin’d.  There  are  fix  Claffes  of  Glaffes 
arifing  from  the  foie  Confi deration  of  plane  and  fpherical  Surfaces . 

1.  The  Medium  may  be  plane  on  both  Sides.  2.  It  may  be 
plane  on  one  Side  and  convex  on  the  other.  3.  It  may  be  convex 
on  both  Sides.  4.  It  may  be  plane  on  one  Side,  and  concave  on 
the  other.  5.  It  may  be  concave  on  both  Sides.  6.  It  may  be 
concave  on  one  Side,  and  convex  on  the  other. 

Definition  r. 

If  a  Glafs  be  us’d,  and  it  be  not  very  thick ,  Juch  a  Glafs  as  is 
mention'd  in  the  five  lafil  ClaJJ'es ,  is  call'd  a  Glafs  Lenfe . 

In  the  fecond  and  third  Cafe,  a  Lenfe  is  faid  to  be  convex ;  and 
if  thefe  two  Cafes  are  to  be  diflinguifh’d,  in  the  fecond  it  is  call’d 
a  Plano-convex  Lenfe.  And  fo  in  the  fourth  Cafe  it  is  faid  to  be 
Plano-concave  ;  though  both  thefe  Cafes  and  the  fifth  are  generally 
reckon’d  as  concave  Lenfes.  But  a  concave  convex  Lenfe,  is 
reckon’d  amongft  concave  or  convex  Lenfes,  according  as  the  one 
or  the  other  Surface  predominates,  in  which  laft  Cafe  the  Lens  is* 
call’d  a  Menifcus.  But  that  Surface  is  faid  to  predominate  which, 
is  moft  curve,  that  is,  which  is  a  Portion  of  a  lefs  Sphere. 


3002. 


Definition  2. 

In  any  Lenfe  or  Medium  terminated ,  as  has  been  already  faid,  the 
right  Line  which  is  perpendicular  to  both  the  Surfaces  is.  call'd  the 
Axis. 
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When  both  thefe  Surfaces  are  fpherical,  the  Axis  paffes  through 
both  their  Centers  3  but  if  one  of  them  be  a  Plane,  it  falls  perpen¬ 
dicular  upon  that,  and  goes  through  the  Center  of  the  other. 

Regular  Lenfes  are  orbicular,  and  the  Axis  paffes  through  the 
Center  of  the  Lenfe,  in  which  Cafe  it  is  laid  to  be  well  center’d. 

In  the  Paffage  of  Light  through  a  Medium,  terminated  by  two 
plane  Surfaces,  the  Direction  of  the  Rays  is  not  chang'd  *,  which  is 
the  Cafe  in  plane  Glaffes . 

In  demonftrating  what  relates  to  the  Paffage  of  Light  through 
Lenfes,  we  (hall  only  conftder  Rays  a  little  difpers’d,  as  before,  and 
indeed  principally  thofe  that  are  direCt.  But  thofe  are  fuch,  among 
which  there  is  one,  that  coincides  with  the  Axis  of  the  Lenfe 

It  is  the  Nature  of  all  Sorts  of  convex  Lenfes ,  that  the  Rays  in  their 
Paffage  through  them  are  bent  towards  one  another  ;  fo  ?nuch  the  more 
as  the  Convexity  is  greater  :  But  of  concave  o?tes ,  that  the  Rays  are 
deflected  from  one  another ,  according  as  the  Co?i cavity  is  greater . 

For  the  Direction  of  the  Rays  through  a  plane  Glafs  is  not  al¬ 
ter’d  *  j  but  upon  indenting  one  or  both  the  Surfaces,  the  Rays 
will  have  another  Direction  :  They  are  more  bent  towards  the  Axis 
of  the  Lenfe,  becaufe  of  the  Convexity  of  the  Surface  of  the  Glafs  ; 
and  by  making  the  Surface  concave,  they  are  deflected  from  the 
Axis;  as  is  evident  in  every  Cafe,  by  comparing  the  Inflection  in 
the  plane  Surface,  perpendicular  to  the  Axis  of  the  Glafs,  with  the 

Inflection  in  the  fpherical  Surface.  And  the  Difference  of  their 

± 

Inflections,  that  is,  the  Change  of  the  Direction  of  the  Rays,  in- 
creafes  with  the  Diftance  from  the  Axis.  Whence  we  deduce  the 
following  Properties  of  Lenfes. 

That  parallel  Rays  in  pafjing  through  a  convex  Lenfe ,  meet  in  the 
Focus . 

That  diverging  Rays  either  diverge  lefs ,  or  run  parallel  or  elfe 
converge ;  in  which  Cafe  as  the  Radiant  Point  goes  farther  off,  the 
Focus  comes  nearer ,  and  contrariwife  :  And  this  is  the  Cafe,  when 
the  Radiant  Point  is  farther  diftant  from  the  Lenfe  than  the  Focus- 
of  parallel  Rays. 

Laftly,  That  converging  Rays  converge  more  when  the  Light 
emerges  out  of  the  Lenfe . 

Experiment  r. 

In  this,  and  the  following  Experiments,  we  make  ufe  of  the  3° 1 3  • 
long  Box  A  B  *,  which  has  been  often  us’d  before;  the  Sides  of  Ph  97, Ki 
it  are  clos’d.  We  direCt  the  Ray  horizontally3  as  in  many  of  the  *  2755, 

foregoing, 


3° 11 
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foregoing  Experiments ;  according  to  the  Direction  of  this  the  Box 
is  plac’d,  into  which  the  Light  enters  through  the  Hole  d .  The 
parallel  Rays  are  tranfmitted  through  the  convex  Lenfe,  which  is 

*  2772.  in  the  Board  T  *,  they  converge,  and  meet  at  R. 

In  this,  and  the  following  Experiments,  the  Rays  are  made 

*  2801.  fenfible,  by  making  ufe  of  a  white  Powder*,  as  has  been  often 

laid. 

3014.  We  have  already  often  us’d  thefe  converging  Rays  ;  after  their  In- 
terfedtionat  R  they  are  difpers’d,  and  R  is  the  radiant  Point,  which 
alfo  has  been  often  made  ufe  of  in  the  Experiments  \  but  we  have 
now  explain’d  the  Caule  of  this  Effedt  in  the  PaiTage  through  the 
Lenfe. 

Experiment  2. 

3OI5'  All  Things  remaining  the  fame,  we  put  a  fecond  Board  S  like 
^1‘97'F*1*  T,  which  alfo  has  a  convex  Glafs,  into  the  Box  AB  ;  the  diverg¬ 
ing  Rays,  proceeding  from  R,  will  become  converging,  and  meet 
at  the  Focus  F,  if  the  Diftance  R  S  be  great  enough. 

3016.  If  this  Diftance  be  diminish’d,  the  Focus  F  will  recede  5  and 
PI.97.F.2.  this  may  be  remov’d  in  fuch  Manner,  that  the  Rays  going  out  of 

the  Lenfe  S  will  be  parallel. 

3017.  If  the  faid  Diftance  R  S  be  then  diminifh’d  more,  the  Rays  that 
PI.97.F.3  .go  out  will  diverge,  but  they  will  diverge  lefs  than  incident  Rays. 

Experiment  3. 

3018.  Other  Things  remaining,  the  Board  T  muft  be  mov’d  towards 
PI.97.F.4.  the  other  S  in  fuch  Manner,  that  the  Rays  may  fall  upon  the 

Lenfe  of  this  Board  converging  \  and  when  they  go  out  they  will 
converge  more. 

3019.  We  alfo  deduce  the  Properties  of  concave  Lenfes  from  a  general 

*  3008.  Proposition  *. 

3020.  Parallel  Rays  become  diverging  by  pajjing  through  a  concave  Lenfe . 

3021.  Diverging  Rays  diverge  the  more . 

3022.  Converging  Rays  fometimes  converge  the  more  ;  if  in  this  Cafe, 
the  converging  of  the  incident  Rays  be  diminifh'd  thefe  may  be  directed, 
fo  that  when  they  go  out  they  will  be  parallel  •>  if  then  the  incident  Rays 
become  fill  lefs  convergings  at  their  going  out  they  will  be  difpersa . 
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Ex  PERIMENT  4. 

This  Experiment  is  made  like  the  firft*  ;  but  inftead  of  the  3023. 
Board  T  we  ufe  another  Q,  that  has  a  concave  Lenfe.  Parallel  Rays  PI.98.F.X* 
that  pafs  through  it,  go  out  diverging.  *  3013. 

Experiment  5. 

All  Things  remaining,  we  make  ufe  of  the  Board  T  alfo,  which  3024. 
we  us'd  in  the  firft  Experiment  mention’d  * ;  by  Means  of  this  we  PL98.F.2* 
make  the  radiant  Point  R,  from  which  Rays  diverging  fall  on  the  *301 3*. 
concave  Lenfe  of  the  Board  Q,  and  go  out  more  diverging. 


Experiment  6. 

The  fame  Things  remaining,  bring  the  Board  T  towards  the 
Board  Q,  in  fuch  Manner,  that  converging  Rays  may  fall  upon  the 
concave  Lenfe,  and  when  they  emerge  they  will  converge  lefs. 

The  Board  T  may  be  brought  fo  near,  that  the  Rays  emerging 
from  the  concave  Lenfe  will  be  parallel. 

The  Board  T  being  brought  ftill  nearer,  the  Rays  going  out  of 
the  fecond  Lenfe  will  diverge. 

We  have  demonftrated  the  general  Properties  of  Lenfes,  I  fhalL 
now  fpeak  of  determining  the  Refractions  themfelves  nicely,  but  I 
fhall  only  mention  the  Propofitions,  and  give  the  Demonftrations 
of  them  in  the  following  Scholiums. 

A  Lenfe  being  given ,  that  is  terminated  by  two  fpherical  Surfaces , 
the  Point  of  Co?icourfe,  or  Difperfon  of  parallel  Rays,  is  fought . 

The  ReCtangle  made  of  the  Semidiameters  of  the  Surfaces  is 
multiplied  by  the  Number,  which  expreffes  the  Sine  of  RefraCtion 
in  Glafs,  and  the  ProduCt  is  divided  by  the  Difference  of  the  Sines 
in  Air  and  Glafs.  This  Quotient  being  divided  by  the  Diftance 
between  the  Centers,  that  is,  by  the  Sum  of  the  Semidiameters, 
when  both  Surfaces  are  concave,  or  convex,  and  by  the  Difference, 
when  one  is  concave  and  the  other  convex,  there  will  be  given  in 
the  Quotient  the  Difance  of  the  Point  fought  from  the  Lenfe  5 
which  is  the  fame  from  whatever  Part  the  Rays  proceed. 

The  Ratio  of  RefraClion  out  of  Air  into  Glafs  is  that,  which  is 
between  17  and  11  *,  nearly  as  3  to  2.  Therefore  we  muft  mul¬ 
tiply  by  1 1,  and  divide  by  6  ;  or  only  multiply  by  2. 

If  one  Surface  be  plane,  the  Semidiameter  becomes  infinite,  and 
is  had  as  equal  to  the  Sum  or  Difference  of  the  Semidiameters ;  in. 
this  Cafe  the  Semidiameter  of  the  fpherical  Surface  is  multiplied 
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by  1 1 ,  and  divided  by  6  ;  or  is  doubled,  the  more  accurated  De¬ 
termination  being  negledled. 

The  Points,  which  we  difcover  by  thefe  Computations,  are  the 
Points  of  Concourfe,  if  we  confider  convex  Lenfes  *,  and  the 
Points  of  Difperfion  if  they  be  concave  f. 

If  diredt  Rays,  either  diverging  or  converging,  fall  upon  a  Lenfe, 
we  difcover  the  Motion  after  the  PafTage  by  this  Proportion. 

As  the  Difiance ,  between  the  Point,  to  which  the  incident  Rays 
come ,  and  the  Pomt  of  the  parallel  Rays ,  proceeding  from  a  contrary 
Part ,  is  to  the  Diflance  between  the  firjl  of  thefe  Points  and  the  Glafs 
it f elf  fo  is  this  lafi  Difiance  to  the  Dijlance  between  the  Point  of  the 
incident  Rays ,  and  the  Point  fought  of  the  refraBed  Rays. 

With  regard  to  which  Proportion  we  obferve,  that  the  Point  of 
the  refradted  Rays  is  always  with  refpedt  to  the  Point  of  the  inci¬ 
dent  ones  at  the  fame  Part,  at  which  the  faid  Point  of  the  pa¬ 
rallel  Rays  is  with  refpedt  to  this. 

Let  R  be  the  Radiant,  or  imaginary  Focus  of  the  incident  Rays ; 
E  the  Focus,  or  Point  of  Difperfion,  of  parallel  Rays  coming  from 
a  contrary  Part ;  F  the  Focus,  or  Point  of  Difperfion,  of  the  re¬ 
fradted  Rays ;  according  to  the  Rule  RE,  R  V,  R F,  are  in  con¬ 
tinued  Proportion. 

In  the  contrary  Motion,  V  e  being  taken  equal  to  V  E  *,  F  e, 
F  V,  F  R,  will  be  the  Proportionals. 

What  has  been  faid  regards  diredt  Rays,  one  of  which  coincides 
with  the  Axis  of  the  Lenfe,  which  in  going  through  keeps  it*s  Di¬ 
rection.  But  this  is  not  a  peculiar  Property  of  this  Ray  ;  all  the 
Rays  that  pafs  through  the  Center  of  the  Lenfe  keep  their  Direction 
alfo. 

Let  V  be  the  middle  Point  of  the  Lenfe ;  A  B  it’s  Axis  ;  C  D 
an  incident  Ray,  which,  being  refradted  along  D  E,  paffes  through 
V  ;  this,  if  the  Lenfe  be  equally  convex,  or  concave,  both  Ways, 
will  go  out  of  the  Glafs  at  E,  where  the  Surface  is  parallel  to  the 
Surface  at  D,  and  the  refradted  Ray  EF  will  be  parallel  to  the 
incident  Ray  CD*;  that  is,  it  will  go  in  the  fame  Direction.  If 
the  Lenfe  be  thin,  the  Lines  C  D  and  E  F  make  the  fame  right 
Line  to  Senle. 

If  the  Lenfe  be  unequally  convex,  or  concave,  the  Point  of  In- 
terfedtion  of  the  Rays,  not  bent,  is  not  in  the  Middle  of  the 
Thicknefs  of  the  Glafs.  When  one  Surface  of  the  Glafs  is  plane, 
this  Point  is  in  the  Interfedtion  of  the  Axis  of  the  Glals  and  the 
fpherical  Surface.  In  a  Lenfe  one  of  whofe  Surfaces  is  concave, 

1  and 
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and  the  other  convex,  the  Point,  we  are  fpeaking  of,  is  without 
the  Lenfe,  on  the  Side  of  that  Surface,  which  is  a  Portion  of  a 
fmaller  Sphere. 

If  fever al  incident  and  refraBcd  Rays pafs  through  this  fame  Point, 
they  make  two  fmilar  Pyramids ,  which  have  a  common  Vertex ,  in 
that  fame  Point . 

If  the  incident  Rays  be  oblique ,  parallel ,  or  belonging  to  a  Point , 
although  they  be  a  little  dijpers'd ,  when  they  are  refraBed ,  they 
don't  belong  to  one  Point ;  by  Reafon  of  the  double  Irregularity  in 
the  Refradion,  the  firft  at  the  going  in,  the  iecond  at  the  going 
out  *.  *2987.' 

But  if  the  Rays  become  fomewhat  oblique ,  and  pafs  through  the  3043* 
Center  of  the  Lenfe,  the  RefraBion  does  not  differ  much  from  the 
RefraBion  of  direB  Rays . 

Let  R  be  the  radiant  Point  in  the  Axis  of  the  Lenfe,  remov’d  3044* 
from  the  convex  Glafs  U  in  fuch  Manner,  that  it  may  have  the  PI. 9 9. F. 2 
Focus  F  ^  let  r  be  the  other  radiant  Point,  and  r  \Jf  the  Ray, 
whofe  Direction  is  not  alter’d  *,  the  other  Rays,  which  are  a  little  *  3038, 
difpers’d,  meet  with  this  Ray,  at  the  Diftance  V f  which,  if  r  U 
be  equal  to  R  U,  does  not  differ  much  from  U  F. 

If  we  confider  the  Thing  mathematically,  U  P  exceeds  U f  and 
the  diredt  Concourfe  is  more  perfed,  but  the  Differences  are  fmall, 
as  we  find,  if  we  attend  to  what  is  demonftrated  concerning  oblique 
Rays  in  the  foregoing  Chapter. 

If  befides  thefe  there  are  given  more  radiant  Points  alfo,  from  3043, 
which  alfo  the  Rays  that  are  a  little  oblique  fall  upon  the  Glafs, 
the  right  Lines,  which  tend  from  all  the  radiant  Points  to  their 
Focus’s  make  two  oppofite  fimilar  Pyramids  *,  one  of  which  has  *  3041* 
for  it’sBafe  the  radiant  Points,  the  other  the  Focus’s  of  them. 

If  thefe  Focus’s  fall  upon  a  white  Plane,  each  of  the  radiant  3046* 
Points  illuminates  a  correfpondent  Point  upon  the  Plane  ;  and  all 
the  Focus’s  together  give  an  inverfe  Figure  of  the  radiant  Points, 
fuch  as  has  been  before  reprefented  *.  *  2  977» 

Experiment  7. 

We  put  the  Board  with  it’s  Lenfe  *  upon  a  moveable  Table  •f*  >  3°47° 

we  raife  the  Table,  that  the  Lenfe  may  be  at  the  fame  Height  *  2770. 
with  the  Flame  of  a  Candle  put  upon  another  Table,  at  any  Dif-  ^  2774» 
tance  whatfoever.  We  turn  the  Lenfe,  that  it’s  Axis  may  pafs 
through  the  Flame  of  the  Candle  ;  the  Pidure  of  the  Candle  will 
be  reprefented  inverted  upon  Paper,  placed  at  a  juft  Diftance,  and 
parallel  to  the  Lenfe. 
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3048.  This  Picture  is  the  moft  perfed  of  all,  when  the  Rays  pals 
through  the  middle  of  the  Lenfe,  but  if  the  Lenfe  being  cover’d, 
the  Rays  be  tranfmitted  through  the  Aperture,  a  little  remote  from 
the  Axis  of  the  Lenfe,  the  Figure  of  the  Flame  will  be  diftind 
enough,  by  Reafon  of  the  fmall  Obliquity  of  the  Rays  proceeding 
from  the  Candle.  The  Place  of  the  Pidure  will  be  the  fame  alfo ; 
for  the  Rays,  which,  in  this  Cafe,  make  the  Focus,  wou’d  meet 
with  the  Ray,  that  is  not  bent,  if  this  were  not  intercepted. 

Experiment  8. 

3049.  Things  remaining  as  in  the  laft  Experiment,  let  the  Lenfe  be 
covered  with  black  Paper;  three  or  four  fmall  Holes  being  left  in 
the  Paper,  whofe  Diameters  are  equal  to  a  Quarter  of  an  Inch ; 
the  Pidure  of  the  Flame  is  reprefented  on  a  white  Plane  in  the 
fame  Manner  as  in  the  foregoing  Experiment ;  but,  the  Pofition  of 
the  Plane  being  alter’d,  we  have  fo  many  imperfed  Reprefentations 
of  the  Flame,  as  there  are  Holes,  through  which  the  Light  pafles. 

3050.  As  by  Means  of  a  convex  Lenfe  we  reprefented  the  Flame  of  a 
Candle,  fo  we  may  reprefent  the  Body  of  the  Sun,  by  placing  a 
Lenfe  in  fuch  Manner,  that  it’s  Axis  may  pafs  through  the  Sun  ;  in 
this  Cafe  the  Sun’s  Rays  which  pafs  through  the  whole  Lenfe,  are 

3051.  reduc’d  into  a  fmall  Space,  in  which  Cafe  the  convex  Lettfe  is  a 
*  burning  Glafs . 
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3°52* 
Plate  100. 

Fig.  4. 


3°53 


*  2895. 

•f*  3012. 


Let  there  be  a  convex  Lenfe  as  U,  whofe  Diameter  is  fix  Inches ; 
let  this  be  direded  in  fuch  Manner,  that  one  of  the  Sun’s  Rays 
may  coincide  with  the  Axis  of  the  Lenfe ;  if  this  colleds  parallel 
Rays,  fuch  as  all  are  to  Senfe,  which  proceed  from  all  the  Points 
of  the  Sun,  at  the  Diftance  of  three  Feet,  and  a  Body  that  is  eafily 
fet  on  Fire  be  placed  there,  as  Wood,  upon  which  the  Image  of 
the  Sun  falls,  it  will  take  Fire.  But  as  this  Image  is  not  very  fmall, 
not  only  by  Reafon  of  the  Magnitude  of  the  Sun  itfelf,  but  alfo 
becaufe  the  Pidure  is  imperfed  *,  by  Means  of  a  fecond  convex 
Lenfe  L,  through  which  the  Rays  become  more  converging 
the  Space  is  narrow’d  in  which  the  Combuftion  is  made. 

This  fecond  Lenfe  is  chiefly  neceflary,  when  the  firfi:  Lenfe  is 
large,  of  the  Diameter  of  two  or  three  Feet.  By  thefe  the  Vio¬ 
lence  of  the  Fire  is  greatly  increas’d. 
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SCHOLIUM. 

Demonftrations  of  the  Rules ,  concerning  Refractions  through  Glajfes , 

delivered  in  Numbers  3030,  and  3035. 


LET  there  be  a  Lenfe  U  terminated  by  two  fpherical  Surfaces  *,  let  C  3054. 

and  D  be  the  Centers  of  the  Surfaces.  Let  us  fuppofe  a  Ray  to  be  Pi.  99. 
given,  which  coincides  with  the  Axis  of  the  Lenfe,  and  pafies  along  F.  3,  4,  5. 
EUR  in  a  right  Line  *,  let  A  B  be  a  Ray  at  a  little  Diftance  from  it, 
and  parallel  to  it,  the  Point  F  is  fought,  in  which  fuch  Rays  wou’d  meet, 
after  their  palling  through  the  Glafs,  with  the  Axis,  or  wou’d  meet  being 
continued  backwards. 

Let  R  be  the  Point,  to  which  thefe  Rays  come,  whilft  they  penetrate 
into  the  Glafs,  that  is,  R  is  the  imaginary  Focus,  or  Point  of  Difperfion, 
of  the  Rays  in  the  Glafs  after  the  firlt  Refradtion. 

Let  E  be  the  Point  to  which  parallel  Rays  would  come,  that  proceed 
from  a  contrary  Part,  if  they  fhould  penetrate  into  the  Glafs,  through  the  op- 
pofite  Surface,  and  continue  their  Motion  in  it.  Moreover  let  the  Ratio 
which  is  given  between  the  Sine  of  Incidence  in  the  Air  and  the  Sine  of 
Refraction  in  Glafs,  be  that  which  is  given  between  m  and  n. 


RV,  RD 
CV,  DV. 
DC,  DV. 


We  have  EV,  EC  :  :  KV,  KJJ  \  :  m,  n 

By  Converf.  and  Altem.  E  V,  R  V 

By  Compof,  or  Divif.  RE,  RV 

The  fame  firft  Proportion  gives  by  Divif  CV,  EC  :  :  m  —  n  :  n ; 

.  ■  n x  CV 

that  is,  L  C  = - -  . 

m  —  n 

The  Rays,  which  in  the  Glafs  are  diredled  towards  R,  are  in  the  Air 
diredted  towards  F,  in  fuch  manner,  that 

RE,  RV  EC,  VF*  :  :  DC,  DV. 
nx  CV 

If  for  E  C  we  put - —  the  Proportion  is  changed  into  this  C  D  : 


2919. 

2922. 


* 


2930.2989. 


m — n 


DV 


nx  CV 
m — n 


VF  \  whence  the  Rule  of  N.  3030  is  immediately 


deduc’d. 

Let  V  be  the  Lenfe  *,  R  the  Point  of  the  incident  Rays  •,  E  the  Focus  3055* 
or  Point  of  Difperfion  of  parallel  Rays  proceeding  from  a  contrary  Part  *,  pi.  IOo. 

F  the  Focus,  or  Point  of  Difperfion,  of  the  Rays  coming  to  R  is  fought  F.  1,  2,  3. 
of  the  incident  Ray  RB,  orrB,  BFj  or  B f  is  refradted ;  ifEB,  or 
e  B,  be  the  incident  Ray,  B  a  *  will  be  refradled,  and  in  diredt  Rays,  a*  2789. 
little  difperfed,  the  Angle  R  B  E,  or  R  B  which  the  incident  Rays 
make,  is  to  the  Angle,  which  the  Rays  refradled  in  the  Glafs  make,  as 
the  Sine  of  Refradlion  in  Air  to  the  Sine  of  Refradlion  in  Glafs  :  So  alfo 
the  Angle,  which  thefe  laft  in  Glafs  contain,  is  to  the  Angle  which  the 
Rays  refradled  in  the  Air  make,  that  is,  to  the  Angle  a  B  F,  or  a  B/,  as 
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*  2809.  the  Sine  6f  Incidence  in  the  Glafs  *  to  the  Sine  of  Refraction  in  the  Air  3 
17  El.  5.  but  thefe  Ratios  mutually  deftroy  one  another  •,  therefore  the  Angles  are 

BE  or  BB  ^  ^BF;  or  a B/ •,  to  which  laft  B F  U  is  equal.  Therefore 
the  Sine  of  the  Angle  E  B  R  and  B  F  U,  have  the  fame  Ratio  to  the  Sine 
of  the  Angle  BRU. 

*  2923.2924.  The  firft  of  thefe  Ratios  is  that,  which  is  given  between  R  E  and  E  B  *, 

or  E  U.  The  fecond  is  the  Ratio  which  is  given  between  R  B  and  F  B  3 
or  RU  and  F  U  3  becaufe  U  B  is  fmall.  Therefore 

RE,  EV  :  :  RV,  FV. 

By  a  Converfion  of  the  Ratio  RE,  RY  :  :  RV,  RF.  Which  we 

had  in  N.  30 35. 


CHAP.  X. 


3°56- 


% 


3*7 1- 


3°  57* 


% 


* 


3°5* 


3°u. 


3°47‘ 


Of  the  Sight ,  where  we  fljall fpeak  of  the  ConfruEiion 

of  the  Eye . 

H  E  Properties  and  Laws  of  the  Refraction  of  Light  which 
j[  we  have  explain’d,  are  of  great  ufe  in  Objects  to  be  repre- 
fented  to  our  Mind. 

By  thefe  Laws  Objects  are  painted  on  the  Bottom  of  the  Eye 
very  beautifully  adorned  with  their  proper  Colours  •  and  this  Pic¬ 
ture  is  the  Occafion  of  the  Ideas,  which  are  excited  in  the  Mind 
with  regard  to  Things  feen,  as  will  be  fhewn  in  what  follows 

But  how  this  Pidture  may  be  made  in  the  Eye,  cannot  be  ex¬ 
plained,  without  examining  the  new  Property  of  Light,  namely 
the  Divifibility  of  the  Rays  exceeding  our  Comprehenfion. 

There  are  feveral  opaque  Bodies ,  when  exactly  polifhed,  except 
fuch  as  are  perfectly  black,  if  there  be  any  fuch,  that  have  the  Pro¬ 
perty  of  dividing  Light  3  for  they  refledl  the  Light  Jo ,  that  the  Rays 
which  are  driven  back  from  every  Point  are  divided,  and  recede 
every  Way  3  and  fo  as  every  Point  of  the  Body  becomes  as  it  were  a 
radiant  Point ,  from  which  the  Light  goes  every  Way. 

Hence  we  deduce  a  Method  to  paint  Objects  upon  a  white 
Plane  3  for  all  the  Points  of  an  enlighten’d  remote  Body,  from 
which  the  Rays  come  upon  a  convex  Lenfe,  have  their  Focus 
behind  the  Lenfe  *,  the  Foci  of  diftant  Objects,  though  not  exact¬ 
ly,  are  fenfibly  at  the  fame  Diftance  from  the  Lenfe  3  thofe  Objects 
by  thefe  Foci  may  be  reprefented  in  the  fame  Plane  3  as  was  laid 
before  of  Flame  This  Reprefentation,  as  was  faid  of  that,  is 
inverted*  becaufe  of  the  Interfedtion  of  the  Rays  in  pafling  through 

the 


1 


A  3 


& 


& 

A. 


'  ^  , 


-  • 


. 


/ 


.  / 


■ 

■ 


■*  > 

* 

. 


Chap.  io.  of  Natural Philofophy.  173 

the  Glafs,  and  is  fenfible  in  a  dark  Place  in  which  the  Light  noWay 
comes,  but  through  the  Lenfe,  and  only  that  by  which  the  Objects 
are  painted. 

This  will  do  wherever  the  Lenfe  is  placed,  and  in  refped  of  all  3059. 
the  Points  of  Objects,  enlighten’d  by  the  Rays  of  Light,  from 
which  right  Lines  may  be  drawn  to  the  Lenfe  without  Interruption ; 
thus  we  prove  by  the  fame  Experiment  the  aforefaid  Divifibility  in 
Light,  and  the  Aptnefs  of  Light  to  be  divided  by  the  Bodies  that 
re  fled:  it. 

Experiment  i. 

Let  there  be  a  Hole  in  a  dark  Place  oppofite  to  feveral  Objects,  3060. 
that  are  at  leaft  fifty  feet  off,  or  farther :  In  this  Hole  place  a  con¬ 
vex  Lenfe,  which  collects  parallel  Rays  at  the  Diftance  of  about 
four  or  five  feet ;  if  a  white  Plane  be  placed  behind  the  Lenfe  a  lit¬ 
tle  farther  from  it  than  the  faid  Diftance,  all  the  Objeds  will  be 
painted  upon  it  in  very  beautiful  Colours:  We  muft  obferve  that 
by  the  Motion  of  the  Plane,  or  of  the  Lenfe,  the  Diftance  is  difco- 
ver’d,  at  which  the  Objeds  are  reprefented  very  exadly. 

But  the  extraneous  Rays  muft  be  intercepted ;  to  which  End,  we 
apply  at  the  Side  of  the  Objeds,  to  the  Plane  itlelf,  in  which  the 
Glafs  is  inferted,  a  hollow  Cylinder,  in  fuch  manner,  that  the  Glafs 
may  be  in  the  Middle  of  the  Bafe,  the  other  End  being  left  open  \ 
the  inner  Surface  of  the  Cylinder  muft  be  made  black. 

„  This  Representation  of  the  Objeds  has  a  great  Affinity  with  that 
by  which  the  Objeds  which  we  fee  are  painted  in  the  Bottom  of 
the  Eye,  as  will  be  Evident  from  the  make  of  the  Eye. 

The  Figure  of  the  Eye,  when  taken  out  of  the  Head,  is  almoft  ^061 
fpherical ;  the  fore  Part  only  being  fomewhat  more  convex  than  pjf  IOCX 
the  other.  pjo-.  5. 

The  Sedion  of  the  Eye  is  reprefented  in  this  Figure. 

The  Part  A  A,  which  is  the  moft  convex,  is  tranfbarent,  and  nnfo 
called  the  lumca  cornea . 

The  whole  Integument,  or  Covering  of  the  Eye,  except  the  3063. 
Cornea,  is  called  the  Sclerotica ,  BAAB  ;  the  fore  Part  of  the 
Sclerotica,  which  is  next  to  the  Cornea,  covered  with  a  thin  Coat, 
is  called  the  Adnata  ;  which  alfo,  by  Reafon  of  it’s  Colour,  is 
called  the  white  of  the  Eye  ;  the  Adnata  covers  the  Cornea  alfo,  but 
.it  is  fo  thin  there,  as  not  to  be  difcovered  without  Difficulty. 

On  the  Infide,  there  coheres  a  Coat  with  the  Cornea,  along  the  306  f. 
Circumference,  called  the  Uvea,  which  is  plane,  and  has  a  Hole  in 
the  Middle  of  it  pp,  which  is  called  the  Pupil. 
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The  Uvea  is  made  up  of  concentrical  circular  Fibres,  interfered 
by  ftraight  Fibres,  at  right  Angles  tending  to  the  Center  ;  if  the  firft 
are  fwell’d,  the  laft  are  relaxed,  and  the  Pupil  is  leflfen’d  or  con¬ 
tracted  ;  and  a  contrary  Motion  of  the  Fibres  increafes  or  widens  it. 

In  the  middle  of  the  Eye,  but  near  the  fore  Part,  there  is  a 
tranfparent  foft  Body  C  C,  in  the  Figure  of  a  convex  Lenfe,  whofe 
hind  Part  is  more  convex  than  the  fore  Part.  It  is  called  the  cbryf- 
talline  Humour ;  the  Axis  of  it  coincides  with  the  Axis  of  the  Eye, 
that  pafles  through  the  Center  of  the  Pupil,  and  that  of  the  Bulb  of  the 
Eye. 

This  chryftalline  Humour  is  fuftain’d  by  fmall  Fibres  or  Threads, 
which  are  fixed  to  all  the  Points  of  it’s  Circumference,  and  likewife 
to  the  Infide  of  the  Eye :  They  are  bent  in  Figure  of  an  Arch, 
and  every  one  of  them  is  a  Mufcle,  being  called  Ligumenta  ciliaria , 
two  of  which  are  reprefented  by  /C,  / C.  They  all  cohere  to  one 
another,  and  together  with  the  chryftalline  Humour,  make  a  Se¬ 
paration  in  the  Eye,  and  divide  it  into  two  Cavities,  one  forward 
ppy  and  the  other  backward  S  S. 

The  foremoft  Cavity  is  fill’d  with  a  Liquor  like  Water,  and  is 
call’d  the  aqueous  Humour . 

The  hindermoft  Cavity  is  fill’d  with  a  tranfparent  Humour,  nearly 
of  the  fame  Denfity  with  the  aqueous  Humour,  but  not  fo  fluid, 
called  the  'vitreous  Humour. 

The  hindmoft  and  inward  Surface  of  the  Eye  is  covered  with  a 
Coat,  call’d  the  Choroides ,  which  is  again  cover’d  with  a  thin 
Membrane  call’d  the  Retina. 

At  the  back  Part  of  the  Bulb  of  the  Eye,  a  little  on  one  Side, 
is  the  optick  Nerve  NN,  fo  join’d  to  the  Eye,  that  the  Eye  itfelf 
is,  as  it  were,  an  Expanfion  of  the  optick  Nerve  ;  for  the  expanded 
Coats  of  the  Nerve  form  the  Choroides  and  the  Sclerotica ;  and  the 
Fibres  of  which  the  Retina  confifts,  do  concur,  and  form  the 
Marrow  of  the  Nerve. 

The  Eye  moves  in  the  Head  by  feveral  Mufcles  cohering  in  the 
Sclerotica  ;  but  we  fhall  not  treat  of  them  here  ;  for  as  we  only 
confider  the  Eye,  with  regard  to  the  Motion  of  Light,  we  defign- 
edly  forbear  taking  Notice  of  any  Thing  elfe. 

‘The  Rays  proceeding  from  any  Pointy  and  entering  into  the  Eye  through 
the  Pupils  go  out  of  a  lefs  refracting  into  a  more  refracting  Medium, 
through  a  fpherical  Surface;  and  therefore  if  that  Point  be  at  a  conveni¬ 
ent  Diflance  from  the  Eye ,  the  Rays  will  converge  ajter  Refraffiion  *  ; 
.  as  in  the  Experiment  N.  2978.  in  which  the  Glafs  V  reprefents  the 
tranflucid  Cornea  of  the  Eye,  whilft  the  Water  in  the  Box  reprefents 

aqueous 
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the  aqueous  Humour  -y  and  therefore,  fappofmg  the  Cornea ,  and  the  3070. 
aqueous  Humour  y  and  there  'will  be  in  the  Eye  an  inverted  Picture 

op'  the  Objedls  *.  *  3° 57* 

Experiment  2. 

Let  there  be  the  Box  P  juft  mention’d,  containing  Water  -y  let  3071. 
this  be  plac’d  at  the  Diftance  of  fome  Feet  from  an  open  Window,  PI.  700. 
through  which  only  Light  enters  into  a  Chamber ;  if  at  a  certain  Fig.  6. 
Diftance  from  the  Window  there  be  external  Objects  illuminated 
with  the  Sun’s  Rays,  and  that  be  obferv’d,  which  was  explained  in 
the  15th  Experiment  of  Chapter  8  *,  we  fhall  have  at  T  the  in-  *  2978. 
verfe  Pidure  of  the  Objeds,  as  was  explain’d  concerning  the  Can¬ 
dle  in  the  faid  Experiment. 

The  Pidure  juft  mention’d  in  the  Eye,  an  Imitation  of  which  3072. 
we  have  in  this  Experiment,  wou’d  be  at  too  great  a  Diftance  from 
the  Cornea,  and  beyond  the  Bottom  of  the  Eye ;  therefore  the 
Diftance  is  diminifh’d  by  Means  of  the  chryfl alline  Humour ,  whofe  3073. 
refrading  Force  overcomes  the  refrading  Force  of  the  Mediums 
that  furround  it  \  the  Rays  converging  in  the  aqueous  Humour,  go 
beyond  the  chryftalline  Humour,  into  the  vitreous  Humour ;  that 
is,  from  a  lefs  refrading  Medium,  through  a  more  refrading  Me¬ 
dium,  terminated  by  two  fpherical  convex  Surfaces,  into  a  lefs  re¬ 
frading  Medium ;  by  which  Motion  the  converging  Rays  converge 
the  more  * ;  and  therefore  they  meet  the  fooner,  and  the  Piblure*  3012. 
abovemention' d  falls  within  the  Eye. 

Experiment  3. 

The  fame  Things  being  given,  which  were  in  the  foregoing  Ex-  3074. 
periment,  put  into  the  Box,  at  a  fmall  Diftance  from  the  Aperture,  PI.  100. 
through  which  the  Light  enters,  a  Piece  of  Wood,  which  has  a  con-  Fig.  6. 
vex  Glals  joined  to  it,  which  colleds  the  parallel  Rays  at  the  Diftance 
of  one  Inch  in  the  Air  *.  To  have  the  Pidure  exad,  The  Board  T  *  2763. 
muft  be  mov’d  towards  V. 

In  this  Experiment  we  have  an  artificial  Eye,  which  exadly  re-  3075. 
prefents  the  natural  Eye.  The  Glafs  V  reprefents  the  Cornea,  the 
convex  vitreous  Lenfe  reprefents  the  chryftalline  ;  the  Board  T  muft 
be  look’d  upon  as  the  Bottom  of  the  Eye ;  the  Water  reprefents  the 
aqueous  and  vitreous  Humours  5  for  the  Light  undergoes  an  equal 
Refradion  in  both  thefe  Humours. 

Phe  Objeci  s3  which ,  as  has  been  explain’d,  are  painted  upon  the  3076, 
Bottom  op'  the  Eye ,  are  delineated  upon  the  Petina  ;  and  by  the  Motion 
of  the  Light  -3  the jmall  Fibres ,  op'  which  the  Return  confJls3  are  put  into 
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Motion  ;  by  which  Agitation  we  fee  the  Objects  themfelves.  Bat  how 
this  happens,  mufl  be  explained  more  clearly ;  for  which  End,  I 
fhall  now  add  feveral  Things  to  that,  which  has  been  deliver’d 
above,  concerning  the  Senfations  *,  where  we  treated  of  Sound. 

The  Perceptions  anfwer  to  the  Motions  of  the  Nerves  *,  and  in¬ 
deed  in  fuch  manner,  that,  in  a  well  order’d  Body,  there  is  never 
any  Motion  of  a  Nerve*  without  immediately  cauling  a  Perception 
in  the  Mind. 

Notwithflanding  there  is  nothing  common  between  the  Motion  of  the 
Nerve ,  and  the  Perception ,  which  anfwers  to  it. 

Therefore  neither  is  there  any  Thing  common  between  the  Object, 
which  caufes  the  Agitation  of  the  Nerve,  and  the  Perception,  that 
is,  between  the  Perception  and  the  Objects  that  are  perceiv'd. 

Therefore  the  Senfes  teach  nothing  of  themfelves. 

The  Touch  alone  is  excepted ;  becaufe  this  fhewTs  the  different 
Refiflances  of  Bodies,  from  which  we  immediately  learn  many 
Things  concerning  Bodies. 

All  the  Senfations  have  this  in  common ;  that  the  fame  Perceptions 
are  again  prefent  to  the  Mind ,  as  often  as  the  fame  Circumjlances 
return. 

Now  by  comparing  together,  what  we  difcover  by  different 
Senfes,  relating  to  different  returning  Circumflances  and  chiefly  by 
confidering  what  the  Touch  teaches  us,  by  long  Experience  we  at 
laft  acquire  a  Faculty,  whereby  we  diftinguifh  many  Things  re¬ 
lating  to  external  Objects. 

But  we  never  diftinguifh  any  Thing  by  the  Senfes ,  except  there  be 
prefent  a  peculiar  Serf  at  ion  ^  diflinB  from  every  other ;  which,  as  it 
is  never  regularly  prefent,  excepting  ’certain  Circumflances  *,  the 
Knowledge  of  which  we  have  acquir’d  by  long  Ufe,  their  com- 
parifon  f  being  fhewn,  the  Idea  of  the  Circumflances,  that  is,  the 
Idea  of  thofe  Things ,  which  we  difcover  concerning  an  Objedl ,  is 
join'd  with  the  Senfation  it  felf,  fo  as  never  afterwards  to  be  feparated 
from  it. 

In  many  Cafes,  Men  join  together  Ideas  which  have  nothing 
common,  which  moreover  they  look  upon  as  infeparable,  and 
which  are  join’d  together  by  Nature ;  but  thefe  do  not  belong  to 
this  Place,  we  have  fpoken  of  them  in  our  Logick ;  in  which  alfo, 
we  have  more  fully  explain’d,  what  relates  to  the  Senfes. 

But  let  us  return  to  Vifion.  All  the  Rays,  which  proceed  from 
one  vifible  Point,  meeting  where  that  Point  is  painted  on  the  Bottom 
of  the  Eye,  produce 


there  a  certain  Agitation  of  a Jmall  ribre  dijtinct 
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from  every  other ,  and  a  like  Agitation  is  produced  by  all  the  Points 
cf  the  ObjeEl,  which  is  delineated  in  the  Eye . 

Therefore  Vifion  is  only  dfiinEl ,  when  the  Objedts  are  accurately 
fainted  on  the  Botto?n  of  the  Eye  *.  v  * 

When  Rays ,  proceeding  from  the  fame  Pointy  are  not  exaElly  join'd 
on  the  Retina ,  the  Pidure  of  it  is  not  a  Point,  but  a  Spot,  which  is 
confounded  with  the  Pictures  of  the  neighbouring  Points,  in  which 
Cafe  the  Vifion  is  indfiinEl. 

But  as,  according  to  the  various  Difiance  of  the  radiant  Point,  it’s 
Focus  is  more  or  lefs  removed  *,  it  is  tiecefi'ary ,  that  there  be  a  Change  * 
in  the  Eye ,  that  the  Place  in  which  the  Picture  is  exad  may  not 
fall  before  or  behind  the  Retina,  and  that  the  Vifion  be  not  confus'd . 

There  are  feveral  Opinions  of  Philofophers  concerning  this  Alter¬ 
ation  of  the  Eye ;  on  which  I  fhall  make  this  general  Obfervation, 
that  it  is  not  at  all  probable,  that  the  Figure  of  the  whole  Eye  is  alter'd , 
in  order  to  remove  further  or  bring  nearer  the  Retina ,  and  that  the 
Alteration  is  to  be  fought  for  in  the  Infide  of  the  Eye. 

For  if  the  Figure  of  Eye  fhould  be  changed,  as  this  Change  is 
equally  neceffary  in  all  Animals,  of  which  we  are  fpeaking,  the 
Figure  of  the  Eye  will  undergo  the  fame  Changes  in  all  Animals  ; 
for  we  do  not  find  different  Caufes  of  the  fame  Effed  in  Nature. 
But  in  the  Whale  the  Sclerotica  is  too  hard  to  be  liable  to  Alteration. 
Moreover  if  there  be  fuch  an  Alteration  in  the  whole  Eye,  it  will 
arife  from  the  Preffure  of  the  external  Mufcles,  which  are  different, 
according  to  the  different  Pofition  of  the  Eye,  and  regular  in  one 
Cafe  only. 

Befides  there  cannot  be  a  Change  of  Figure  great  enough,  that 
Vifion  may  be  diftind  at  the  Diftance  of  an  hundred  Feet,  and  at 
the  Diftance  of  two  Inches ;  but  there  are  Men  whofe  Eyes  are  al¬ 
ter’d  enough,  to  fee  diftindly  in  thefe  different  Circumftances ; 
which  cou’d  not  be,  without  almoft  doubling  the  Length  of  the 
Eye,  if  we  attribute  diftind  Vifion  to  this  Caufe. 

Now  if  we  examine  the  Infide  of  the  Eye,  it  will  appear  that 
the  Alteration  is  neceflarily  in  the  Chryftalline  ;  which  by  a  Removal 
in  the  Eye,  or  by  an  Alteration  of  it’s  Figure,  will  produce  the 
defired  Effed ;  for  the  Rays,  which  cut  the  Retina  before  they 
meet,  wou’d  meet  on  the  Retina  if  the  chryftalline  Humour  *  be-  * 
comes  more  convex ;  or  if,  it’s  Figure  being  kept,  it  be  carried 
more  to  the  fore  part  of  the  Eye. 

It  is  plain  from  this  that  the  Pofition  of  the  chryfialline  Humour 
is  eafily  altered ,  and  that  it  approaches  towards  the  Retina ,  and  re - 
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cedes  from  it,  it’s  Axis  remaining,  becaufe  the  ciliary  Ligaments  are 
mufcular :  When  thefe  Mufcles  are  inflated  and  become  fhorter, 
the  Cavity  which  is  form’d  at  C  /,  C  /,  from  the  Inflection  of  thefe 
Ligaments  is  diminilhed 3  whereby  the  vitreous  Humour  is  com- 
prefs’d,  which  itfelf  prelfes  upon  the  chryftalline  Humour,  and  drives 
it  forwards,  and  increafes  its  Diftance  from  the  Retina 3  which  is 

*  2936.301 1.  requir’d  in  the  Vifion  of  near  ObjeCts  *.  ,  • 

309 5.  But  this  Removal  is  not  fufficient 3  therefore  there  is  alfo  another 

3096.  Alteration  in  the  Eye.  But  this  fecond  Change  belongs  to  the 
Chryftalline  alfo  3  which,  when  it  is  drawn  by  the  ciliary  Ligaments, 

yogy.  whereby  it  recedes  from  the  Bottom  of  the  Eye ,  becomes  more  plain ; 
wherefore  there  is  requir'd  a  greater  Change  of  Figure,  than  if  it  kept 
it's  Poftion  always  the  fame  3  that  is,  the  Alteration  is  more  fenfible, 

*  3110.  which  we  fhall  fee  is  of  a  certain  Ufe  *  3  which  neverthelefs,  in 

3112.  Men  that  have  two  Eyes,  is  for  the  moft  part  fmall  *. 

Thefe  Alterations  in  the  Eye  have  their  Limitation,  thence  alfo 

3098.  the  ObjeBs  appear  diflinB  only  within  certain  Limits ,  at  different 

3099.  Diftances ,  according  to  different  Eyes  3  and  very  often,  in  the  fame 
Man,  but  yet  have  not  the  Jd?ne  Limits  3  which  is  of  almoft  the  lame 
Ufe,  as  if  the  Limits  for  both  Eyes  were  at  a  greater  Diftance  from 
one  another  3  for  it  is  fufhcient  to  fee  an  ObjeCt  diftinCtly  with  one 
Eye  only. 

3100.  In  fome  alfo  the  neareft  Limit  with  refpeCt  to  one  Eye  is  at  a 
greater  Diftance,  than  the  more  remote  Limit  with  refpeCt  to  the 
other  Eye  3  in  this  Cafe  the  near  ObjeCts,  and  thofe  that  are  very 
remote,  are  feen  diftinCtly,  the  intermediate  ones  appear  confufed. 

3IOIt  The  Picture  at  the  Bottom  of  the  Eye  is  inverted,  as  has  been 

*  3070.  feid  *,  whence  it  is  enquir’d,  why  ObjeCts  appear  ereCt  ?  To  this 

we  anfwer  by  another  Queftion  3  whether  a  Perfon  can  better  con¬ 
ceive  the  Connection  between  the  Idea  in  the  Mind  and  an  ereCt 
Figure,  than  an  inverfed  one  ?  We  muft  confefs  that  we  conceive 
no  Connection  in  either  Cafe  :  But  by  Experience  we  acquire  a 
Faculty  of  judging  concerning  ObjeCts  by  Means  of  their  Senlation, 

*  3082.  which  always  become  prefent,  when  like  Circumftances  return  *3 

and  it  matters  not  in  what  Pofltion  the  Fibres  are,  if  the  Senfations 
in  different  Circumftances  be  but  different,  and  the  fame  in  the 
fame  Circumftances.  Our  Mind  does  not  behold  the  Picture  be¬ 
ing  plac’d  in  a  Corner  3  our  Mind  joins  with  certain  Senfations, 

*  3085.  Ideas  acquir’d  elfewhere 

3102.  If  we  behold  the  fame  ObjeBs  with  both  Eyes ,  only  one  appears  3 
and  that  in  that  Cafe  only  when  the  ObjeCt  is  painted  on  corrclpon- 

dent 


dent  Points  of  the  Retina.  This  is  by  fome  attributed  to  the 
meeting  of  the  op  tick  Nerves ;  they  affirm  that  in  thofe  Animals, 
who  fee  the  fame  Objedt  with  both  Eyes,  the  optick  Nerves  meet, 
before  they  arrive  at  the  Brain  to  which  they  arrive  when  they  are 
feparated  again. 

But  this  is  not  the  true  Caufe ;  for  in  the  Cameleon,  who  directs 
one  Eye  towards  the  Sky,  whilfl:  he  beholds  the  Earth  with  the 
other  Eye,  the  Nerves  are  confus’d  in  the  fame  manner,  as  in  Man  ; 
though  generally  in  Animals,  that  behold  different  Objedts  with 
each  Eye,  the  optick  Nerves  are  feparated  from  the  Eyes  to  the 
Brain, 

The  true  Reafon  why  one  Point  only  appears,  is  Experience ; 
which  has  conftantly  taught  us,  that  the  two  Senfations  arifing  from 
correfpondent  Points  of  the  Nerves  proceed  from  one  Point ;  and 
thus  being  join’d  together  in  the  Mind,  thefe  two  Senfations  are 
now  join’d  with  the  Idea  of  a  vifible  Point,  fo  that  they  cannot  be 
feparated  by  us ;  as  the  Senfation,  arifing  from  one  only  Agitation 
of  the  Nerve,  is  confounded  with  the  Idea  of  a  vifible  Point,  and 
thus  it  is  manifeft  that  the  two  Senfations  may  be  confounded  with 
the  fame  Idea ;  if  it  fhall  appear  by  conftant  Experience,  that  thefe 
always  depend  upon  one  vifible  Point  only. 

Therefore  the  correfpondent  Points  are  thofe,  on  which  the  fame 
Point  is  painted  in  both  Eyes  at  the  fame  Time.  Thefe  Points 
may  differ  in  different  Men,  they  may  alfo  vary  in  the  fame  Man ; 
for  if  the  Pofition  of  the  Chryftalline  be  alter’d  by  a  Blow,  or  any 
other  Way,  or  if  the  Eye  undergoes  any  other  Alteration,  the 
Pidture  of  the  Point  may  fall  upon  another  Fibre,  other  Things 
remaining  the  fame ;  the  Objedt  in  this  Cafe  appears  double ;  but 
in  a  Length  of  Time  this  Inconveniency  diminifheth,  and  at  laft, 
after  a  long  Experience,  vanifheth. 

But  in  well  difpofed  Eyes  the  correfpondent  Points  are  in  Circles 
parallel  to  one  another,  and  which,  in  each  Eye,  pafs  through  the 
Point  in  which  the  Axis  of  the  Eye  paffes  through  the  Retina,  and 
in  thefe  Circles  are  equally  diftant  on  both  Sides  from  thefe  Points. 

Only  one  Point  can  be  Jeen  diftinffily  at  the  fame  Time ,  namely,  that 
which  is  reprefented  in  the  Axis  of  the  Eye ;  this  only  is  painted  by 
diredt  Rays  5  in  the  other  the  Rays  are  oblique,  and  the  Vifion  lefs 
diftindt  *. 

Therefore,  when  we  behold  a  Point  with  both  Eyes,  we  diredt 
the  Eyes  in  fuch  Manner,  that  the  Axis  of  both  Eyes  continued 
may  meet  in  it ;  we  eafily  perceive  that  this  is  the  Cafe,  when  we 
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fix  our  Eyes  upon  any  Point 3  otherwife  we  view  feveral  Points 
fucceflively  with  our  Eyes,  by  directing  our  Eyes  in  fuch  Manner, 
that  now  one  and  then  another  may  be  diftindtly  reprefented  in 
both  Eyes 3  but  when  this  is  done  on  a  fudden,  inftead  of  all  the 
Points  of  an  Object,  not  very  much  extended,  we  do  as  it  were 
diftindtly  fee  the  whole  Objedt  at  one  View. 

'  I0Q  It  is  manifeft  that  there  are  different  Senfations,  and  for  various 
Reafons,  from  the  Light  running  againft  the  Fibres  of  the  Retina 3 
but  thefe  are  not  iufficient,  we  ought  to  have  regard  to  other  Things, 
in  the  judging  of  Diftances 3  but  that  we  may  difcover  the  Figures 
of  Objects,  and  judge  of  their  refpecftive  Situation 3  we  ought  to 
know  the  Diftances  of  all  the  Points  from  the  Eye. 

3110.  When  we  behold  a  Point,  the  chryftalline  Humour  puts  on  a  pe¬ 
culiar  Figure,  which  is  different,  according  to  the  different  Diftance 

30*9.3096.  of  the  Point,  and  is  always  the  fame  at  equal  Diftances  *  3  but  as 
this  Alteration  of  the  Chryftalline  is  infeparable  from  a  certain  de- 

n  j  j  2.  ter  mined  Senfation,  we  acquire  by  life  a  Faculty  of  judging  of  Difiance 3 
which  we  always  conceive  the  fame  as  often  as  there  is  the  fame 
Senfation. 

But  this  is  of  ufe  only,  when  the  Difiances  are  fmall 3  for  then  the 

3112.  Alterations  are  greater.  But  when  their  Diftances  are  a  little  greater , 
the  Judgment  concerning  them  is  lefs  certain  with  one  Eye  3  becaufe  as 
we  are  lefs  accuftomed  to  judge  of  Diftances  with  one  Eye,  the 
fmaller  Alterations  are  not  enough  fenfible  to  us. 

3113.  When  we  behold  a  Point  with  both  Eyes,  we  direcft  the  Axes  of 
both  to  this  Point,  fo  that  the  Axes  are  more  or  lefs  inclin’d  to  one 

3108.  another,  according  to  the  lefs  or  greater  Diftance  of  the  Point  *. 
This  Alteration  of  the  refpecftive  Pofition  of  the  Eyes  is  fenfible 
to  us,  and  indeed  in  fuch  Manner,  that  it  is  join’d  with  Pain  if  we 
only  conftder  a  near  Point  remov’d  to  the  Diftance  of  three  or  four 
Inches  only.  Therefore  without  Attention  we  acquire  by  Ufe  a 

3114.  Faculty  of  judging  of  Diftance,  from  the  Direction  of  the  Axes , 
which  is  fenfible  to  us,  becaufe  it  depends  upon  a  Motion  of  the 
Eye  that  is  fenfible  to  us.  Therefore  we  fee  the  Ufe  of  two  Eyes 
plac’d  at  a  certain  Diftance  from  one  another  3  as  long  as  this  Di¬ 
fiance  of  the  Eyes  has  a  fenfible  Ratio  to  the  Difiance  of  Objects  the 
Judgments  made  concerning  this  Difiance  is  certain  enough. 

3135.  *  Judgment  is  made  concernmg  great  Difiances  from  the  apparent 

Magnitude ,  Colour ,  and  other  Circumfiances :  If  we  confider  known 
Objects,  which  alfo  we  owe  to  Experience  3  for  we  call  to  our 
Affiftance  every  thing  that  is  known  to  us  concerning  an  Object, 
when  the  Mind  judgeth  of  it’s  Diftance.  It 


It  is  impoffble  to  judge  of  very  great  Dijlances ,  except  the  fame  Object  3116« 
be  feen  from  different  Places. 

The  apparent  Magnitude  of  an  ObjeB^  depends  upon  the  Magni-  3  j  iy9 
tude  of  the  Picture  on  the  Bottom  of  the  Eye ;  which  depends 
upon  the  Angle ,  under  which  the  Objeft  is  feen ;  that  is,  which  is 
made  by  Lines  drawn  from  the  Extremities  of  the  Objedt  to  the 
Eye. 

The  faid  apparent  Magnitude  muft  be  diflinguifhed  from  the  3118. 
Magnitude,  which  our  Mind  attributes  to  an  ObjeB  feen ;  this  lafl 
depends  upon  the  Judgment  which  is  not  founded  upon  that  Ap¬ 
pearance  only ;  but  is  deduc’d  from  all,  that  is  known  to  us  con¬ 
cerning  the  Objedt.  Every  one  knows,  for  Example,  that  the  Ob¬ 
jedt  appears  the  lefs,  according  as  it  is  more  diflant ;  from  whence 
it  is,  that  according  to  the  greater  Diflance  of  the  Objeffi,  if  it  be 
known,  the  apparent  Magnitude  of  the  Objedt  is  increafed  in  the 
Judgment  arifing  in  the  Mind,  which  is  done  indeed  without  our 
perceiving  it.  Therefore  the  fame  Objedt,  at  the  fame  Diflance,. 
appears  of  a  different  Magnitude,  if  we  judge  differently  of  the 
Diflance. 

The  Sun  and  Moon  are  remarkable  Examples  of  this,  which  311$*. 
appear  greater  when  they  are  near  the  Horizon,  than  at  a  greater 
Height  though,  as  Aftronomers  know,  the  Sun’s  Pidture  in  the 
Bottom  of  the  Eye  is  the  fame  in  both  Cafes,  and  that  of  the  Moon 
is  lefs,  when  it  appears  greater  near  the  Horizon ;  we  cannot  judge 
of  the  Diflance  *  j  but  it  appears  greater  nearer  the  Horizon,  be-  *  3116, 
caufe  of  the  Interpofition  of  Fields  and  the  Heavens.  But  it  plainly 
appears  that  this  is  the  true,  and  only  Caufe  of  this  Phenomenon, 
if  we  look  at  the  fame  Bodies  through  a  Tube ;  this  apparent 
Diflance  vanifhes,  and  with  it  the  Magnitude  deduc’d  from  it.  But 
from  our  Infancy,  and  ever  after,  we  get  a  Habit  perpetually  of 
joining  the  Idea  of  Diflance  with  the  Increafe  of  apparent  Magni¬ 
tude  (which  is  neceffary  to  make  a  true  Judgment  concerning  the 
Magnitude)  by  which  thefe  Ideas  are  fo  clofely  connedled,  that  they 
cannot  be  feparated  *,  not  even  in  thofe  Cafes  in  which  we  know  *  *0g- 
they  lead  us  into  Error. 
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CHAP.  XL 

Of  Vifion  through  Glaffes ,  and  the  Cor reSt ions  of  fome 

'  Faults  of  the  Eyes. 

S'  .  * f  *  „  i,  .  J  t  i  r  •>  fl 

N  Objedt  is  vifible,  becaufe  all  it’s  Points  are  radiant  Points  *• 
therefore  a  Point  appears  in  that  Place  from  whence  diverg¬ 
ing  Rays  are  emitted  *j-.  Except  as  far  as  we  fuppofe  another  Di¬ 
ftance,  by  reafon  of  different  Circumftances  ;  for  we  fpeak  here  of 
Vifion  with  one  Eye  only,  and  the  Judgment  is  uncertain  *. 

If  Rays  any  how  inflected ,  enter  the  Eye  diverging ,  the  vifible  Point 
will  be  in  the  imaginary  Focus  of  the  Rays,  for  thefeRays  enter  the  Eye 
exactly  in  the  fame  Manner  as  the  Rays  which  came  diredtly  from 
the  Focus  would  do  5  and  the  fame  Situation  of  the  chryftalline 
Humour  is  required  in  order  for  them  to  unite  in  the  Retina :  So  that 
in  regard  to  a  Spectator  it  matters  not  whether  thofe  refracted  Rays, 
or  thofe  direct  Rays,  enter  the  Eye,  and  there  will  be  the  fame 
*•  Motion  in  the  Eye  when  it  fits  itfelf  for  diftindt  Vifion  . 

A  Point  appears  the  more  enlighten'd ,  the  greater  the  Number  of 
Rays  coming  from  it  is,  that  enters  the  Eye . 

I  fhall  fay  nothing  of  the  Magnitude  and  Diftance,  which  we  at¬ 
tribute  to  an  Objedt  feen  through  Glaffes ;  I  fhall  only  fpeak  of  the 
apparent  Magnitude  and  of  the  Diftances,  to  which  the  Points  are 
remov’d,  from  which  the  Rays  feem  to  come,  by  which  the  Points 
of  the  Objedt  are  painted  upon  the  Retina.  Every  thing  elfe  is  un¬ 
certain,  and,  what  is  deliver’d  by  Optick  W riters  concerning  this 
Matter,  often  contradidts  Experience.  Different  Men,  in  the  fame 
Circumffances,  judge  differently  of  thefe  Things ;  and  the  fame 
Man,  whilfi:  he  beholds  equally  remote  Objects  fucceflively  through 
the  fame  Glafs,  the  Eye  being  placed  at  the  fame  Diftance,  does 
not  always  judge  of  their  Magnitude  and  Diftance  in  the  fame 
Manner. 

But  it  appears  from  other  Things  how  uncertain  the  Judgment 
concerning  Diftance  is ;  let  any  one  look  at  an  Objedt  through  a 
Glafs,  and  iudge  of  the  Diftance,  and  let  him  place  the  Objecft  and 
Glafs  in  fuch  Manner,  that  a  Point  of  the  Objedt  may  be  feen  in 
a  Limb  itfelf  of  the  Glafs,  whilft  no  Part  of  the  Objedl  is  feen 
without  the  Glafs ;  let  him  alfo  bring  near  another  Objedt  in  fuch 
Manner,  that  he  may  perceive  this  without  the  Glafs,  with  the 
fame  Eye,  with  which  he  fees  the  Objedt  through  the  Glafs,  and  in- 

1  deed, 
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deed,  fo  that  the  Objects  may  appear  join’d,  and  he  may  fee  nothing 
of  this  Object  in  the  Glafs ;  and  that  both  Objeds  may  appear  in  the 
fame  Plane  ;  if  then,  the  Glafs  being  remov’d,  a  Spectator  judges 
of  the  Diftance  of  the  laft  Object,  this  will  not  appear  the  fame  as 
that,  which  he  judg’d  of  the  Objed  feen  through  the  Glafs, 

Objects  that  are  feen  through  apla?ie  Glafs ,  terminated  by  two  paral -  3126,. 

lei  Planes ,  appear  to  be  nearer  than  when  view'd  with  the  naked  Eye .  PI.  10 1. 
Let  A  be  a  vifible  Point  5  the  Rays  going  from  it  and  entering  the  Fig.  1, 
Eye  are  between  A  b  and  A  b ;  thefe  being  refraded  in  the  Glafs 

V  V,  move  along  b  c>  b  c ;  and  go  out  through  c  dy  cdy  which  are 
parallel  to  the  Lines  A  b,  A  b  *  :  But  becaufe  b  c,  b  c  are  refraded  *  2792,' 
towards  the  Perpendicular  c  dy  c  d,  fall  between  b  A  and  b  A  2787. 
that  is,  they  cut  one  another  in  ay  which  is  lefs  diftant  than  A ; 
therefore  the  imaginary  Focus  of  the  Rays,  which  enter  the  Eye,  is 

at  ay  in  which  the  Point  A  appears  to  be  *3  122. 

The  faid  Point  alfo  appears  more  enlighten'd .  For  all  the  Rays  3  127. 
that  are  between  A  b  and  A  b  enter  the  Pupil  between  d  and  d ; 
but  fince  the  Lines  A  b  and  A  b  are  parallel  to  the  Lines  c  d,  cdy 
and  thefe  Lines  are  between  thofe,  A  b  and  A  d  being  continued, 
would  fall  beyond  dy  and  d ;  and  fo  if  the  Glafs  was  taken  away, 
the  Rays  which  now  enter  the  Pupil  would  take  up  a  greater  Space, 
and  confequently  would  not  all  enter  the  Eye.  Every  Point  that  is 
brought  nearer  to  the  Eye,  appears  more  enlighten’d,  and  thus  the 
Cafe  is  in  this  Matter ;  for  if  the  Pupil,  it’s  Aperture  remaining, 
fhould  not  be  at  a  greater  Diftance  from  the  Point  A,  than  it  is 
now  remov’d  from  the  Point  of  Difperfion  ay  the  fame  Rays  would 
enter  the  Pupil,  which  follows  from  the  Equality  of  the  Angles 
b  A  by  c  a  cy  made  by  the  parallels  b  A,  c  ay  and  b  A,  c  a. 

The  apparent  Magnitude  of  an  Object  *  is  increafed  when  feen  3  1 2  8.. 
through  a  plane  Glafs .  The  Objed  AE  is  feen  by  the  naked  Eye,  PI,  j0 1. 
under  the  Angle  AdE-y  but  upon  the  Interpofition  of  the  Glafs  Fig,  2. 

V  V,  by  reafon  of  the  Refradion  through  A  bed  and  E  b  c  dy  it  *  3 1 1 7» 
appears  under  the  Angle  c  d  cy  which  is  greater  than  the  laft. 

The  Increafe  of  the  apparent  Magnitude  is  the  greater,,  the  3129, 
more  the  Angles  A.^/E,  and  c dc  differ;  whofe  Difference  in¬ 
creafe  s  with  the  Accefiion  of  the  Interfedions  of  the  Lines  A  dy  b  cy 
and  Ed,  b  c,  towards  the  Points  b  and  b ;  this  obtains  in  the  Ac - 
eefjion  of  an  Object  towards  the  Glafs  ;  and  therefore  it  is  greateft  of 
all,  when  the  Objed  touches  the  Glafs ;  which  proves  that  Objeds 
inclos’d  in  the  Glafs  itfelf  appear  magnified  alfo. 
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And  in  general,  when  the  Eye  is  plac'd  in  a  lefs  ref  raffing  Me¬ 
dium ,  the  Objeff  that  is  feen  in  a  more  refraffing  Medium  appears 
bigger ,  and  by  the  Ref  raff  ion  is  brought  nearer  too  Thefe  Things 
are  confirm’d  by  daily  Experience,  with  refpedt  to  Objects  feen  in 
Water. 

* 

Let  there  be  a  Point  A  feen  through  a  convex Lenfe  V  V,  the  Objedt 
being  plac’d  between  the  Glafs  and  the  Focus  of  parallel  Rays  pro¬ 
ceeding  from  the  Side  of  the  Eye,  the  Rays  A  Ab ,  go  out  lefs 
diverging  at  c  d,  c  d ,  namely  as  if  they  proceeded  from  a  *  3  and 
therefore  the  vifible  Point  is  remov'd  to  a  greater  Difiance  -f*.  It 
appears  more  illuminated  alfo  ;  for  the  Rays  approach  nearer  to  one 
another  by  paffing  through  the  Glafs  *,  and  are  reduc’d  into  a  lefs 
Space ;  wherefore  they  enter  into  the  Pupil  in  a  greater  Number 
alfo. 

The  apparent  Magnitude  of  an  Objeff ,  if  the  Eye  be  not  ap¬ 
plied  to  the  Lenfe,  is  alfo  increas’d  3  that  is,  the  Objedt,  in  the 
Circumftances  mention’d,  appears  under  a  greater  Angle  beyond  the 
convex  Glafs ,  which  is  evident  by  the  Infpedtion  of  the  Figure  : 
The  Objedt  A  E,  feen  with  the  naked  Eye,  appears  under  the  An¬ 
gle  AdE;  but  now  it  appears  under  the  Angle  ede,  which  is 
greater  :  For  (in  Fig.  4.)  the  converging  Rays  Ab ,  E  by  do  converge 
more  as  they  go  out  of  the  Lenfe  *,  or  diverging  (in  Fig.  5.)  do 
come  to  the  Eye  converging  -j-,  therefore  the  Objedt  appears  magni¬ 
fied  3  but,  as  has  been  already  obferv’d  *,  the  Magnitude  which  we 
attribute  to  an  Objeff  is  not  in  the fame  Proportion  with  the  apparent 
Magnitude  -f*. 

Objedts  are  not  always  vifible  through  a  convex  Glafs.  For  that 
a  Point  may  appear  difiinff ,  it  is  required  that  the  Rays  proceeding 
from  that  Jhould  enter  the  Eye  diverging  *,  and  that  the  imaginary 
Focus  of  thofe  Rays ,  in  regard  to  the  Speffator ,  jhould  fall  within 
the  Limits  of  difiinff  Vifion  *.  If  the  Objedt  be  removed  beyond 
the  Focus  of  parallel  Rays,  the  Rays  coming  from  a  Point  of  the 
.  Objedt,  enter  the  Eye  converging  *  3  which  Cafe  is  impoffible  to 
the  naked  Eyes ;  in  this  the  Vifion  is  always  confufed. 

If  in  this  Cafe  the  Eye  be  fo  remov'd ,  that  the  Rays ,  proceeding  from 
a  vifible  Pointy  meet  by  Refraffiony  before  they  come  to  the  Eye ,  there 
are  radiant  Points  in  all  the  Points,  in  which  the  Rays  meet,  namely 
the  Foci  of  all  the  Points  of  the  Objedt,  whereby  the  Objedt  is  re- 
prefented  inverted  upon  a  white  Plane  and  which  are  the  vifible 
Points  with  refpedt  to  the  Eye  to  which  the  Rays  can  come  after 
Intersection  In  this  Cafe  the  Objeff  appears  inverje  3  becaufe  we 

i  do 


do  not  fee  the  Object  itfelf  but  the  Reprefen tation  of  it  behind  the 
Glafs,  which  we  faid  was  inverfe  *  ;  and  we  carry  this  beyond  the  *  3058. 
Glafs  in  Imagination. 

We  have  faid  that  the  Cafe  is  impoffible  to  the  naked  Eye,  in  3138. 
which  the  Rays  coming  from  a  Point  enter  the  Eye  converging  ; 
and  fo  fuch  a  Vifion  is  always  confufed  ;  becaufe  the  Make  of  the 
Eye  cannot  adapt  itfelf  to  an  impoffible  Cafe:  Yet  fometimes,  but 
rarely,  in  this  Cafe  too,  Objedts  appear  diftindt ;  which  as  it  proceeds 
from  a  Fault  of  the  Eye,  by  which  all  diftindt  Vi  flon  is  taken  away 
from  the  naked  Eye,  I  did  not  think  it  neceffary  to  take  Notice  of 
thefe  Exceptions  of  the  general  Rule. 

' The  Fault  of  mojl  Old  Men's  Eyes  is,  that  they  fee  remote  Objedts  3139. 
diftindtly,  and  near  ones  appear  confufed ;  which  fault  is  corrected 
by  the  Interpoftiou  of  a  convex  Lenfe .  The  Rays  flowing  from  a 
Point  which  is  near  meet  beyond  the  Retina;  pafling  through  a 
convex  Glafs,  they  will  diverge  lefs  as  they  enter  the  Eye,  and  fo 
meet  within  the  Eye  fooner ;  that  is,  come  to  the  Eye,  as  if  they 
came  from  a  Point  more  remote,  fuch  as  is  feen  diftindtly  by  an  old 
Man. 

Objects  appear  to  be  nearer ,  lefs  enlighten'd ,  a?id  lefs  when  feen  3140. 
through  a  concave  Glafs . 

The  Rays  A  b>  A  b,  and  all  the  intermediate  ones,  going  through  3141* 
a  concave  Lenfe,  become  more  divergent*,  and  enter  the  Eye  as  PI.101.F.6. 
if  they  came  from  a  lefs  diftant  Point  a  -j~,  to  which  the  viiible  Point  *  3021. 
is  transferred  J.  -f  2877. 

Upon  the  increafing  the  Divergency  of  the  Rays,  they  are  more  +  3122. 
difperfed,  and  therefore  they  enter  the  Eye  in  a  lefs  Number,  which  3 142. 
lelfens  the  Clearnefs  of  the  Point*.  *  3123*. 

The  apparent  Magnitude  is  alfo  leffened,  becaufe  the  Rays  Ab,  3143» 

E  b,  by  which  we  fee  the  Ends  of  the  Objedts,  enter  the  Eye  lefs  Pl.101.F7» 
converging  *,  and  fo  the  Angle  cdc ,  under  which  the  Objedt  is  feen  *  3022. 
behind  the  Glafs,  is  lefs  than  the  Angle  A  d  E,  under  which  it  ap¬ 
pears  to  the  naked  Eye :  Therefore  the  Objedt  will  appear  lefs  *.  *3117. 

A  concave  Lenfe  is  proper  for  thofe  who  only fee  near  Objects  difinBly ;  3 1 44. 

fuch  are  called  Myopes,  or  are  faid  to  be  pur-blind ;  remote  Points 
appear  through  this  Lenfe  to  be  near  *  ;  and  the  Rays  which  con-  *  3 140«. 
curred  before  they  came  to  the  Retina,  now  entering  more  diverg¬ 
ing,  do  meet  upon  the  Retina. 

From  all  this  we  fee,  if  we  fet  afide  the  Clearnefs  of  the  Objedts,  3145* 
becaufe  through  the  Glafs,  as  by  the  naked  Eye,  it  depends  upon 
the  variable  Magnitude  of  the  Pupil,  that  all  the  Differences  may 
V  o  l.  II.  B  b  be 
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be  brought  to  two,  which  are  between  the  Vifion  through  the 
Lenfe,  and  the  Vifion  to  the  naked  Eye ;  there  is  a  Removal  of  the 
vifible  Point,  and  the  apparent  Magnitude  of  the  Objedt  is  alter’d, 
that  is,  the  Picture  at  the  Bottom  of  the  Eye  is  alter’d.  We  deter¬ 
mine  this  Removal  of  the  vifible  Point  by  the  Rule  deliver'd  in 
Number  3035,  concerning  the  Refraction  of  Light  in  it’s  PafTage 
through  a  Lenfe. 

But  the  Proportion  between  the  Pidture,  feen  by  the  naked  Eye, 
and  this,  the  Lenfe  being  made  ufe  of,  is  difcovered  by  the  follow¬ 
ing  Method  ;  from  whence  it  follows  that  there  is  no  Difference  be¬ 
tween  thefe  PiSures ,  when  the  Eye ,  or  the  Object ,  is  apply' d  to  the 
Lenfe  itjelf  -  J 

Let  V  be  a  convex  or  concave  Lenfe,  O  the  Eye;  AB  the  Objedb; 

.  F  the  Point  of  parallel  Rays,  proceeding  from  the  Side  of  the  Objedt. 

.  Let  there  be  fought  a  fourth  Proportional  V  G,  to  F  V,  F  O,  V  A ; 
let  G  be  mark’d  in  fuch  Manner,  that  V  may  be  with  refpedt  to  A 
and  G,  as  F  is  with  refpedt  to  O  and  V,  then  O  G  will  be  to  O  A, 
as  the  Image  without  the  Glafs  to  the  Image  of  the  Objedt  feen 
through  the  Glafs  ;  and  this  Proportion  is  not  alter'd ,  though  the  Eye 
and  the  Objedt  be  tranjpojed  in  fuch  Manner  that  their  Places  are 
changed. 

In  the  concave  Lenfe  (Fig.  3.)  OG  exceeds  OA,  and  the  Ob¬ 
jedt  is  diminifli’d ;  if  the  Lenfe  be  convex  and  O  be  between  F 
and  V  (Fig.  1.)  the  Image  is  always  increafed. 

If  O  coincides  with  F,  G  coincides  with  V,  and  the  Ratio 
fought  is  that  which  is  between  F  V,  and  F  A. 

That  is,  the  Eye  being  placed  in  the  Focus  of  parallel  Rays, 
the  Pidture  of  the  Objedt  through  the  Glafs,  at  what  Diftance  fo- 
ever  we  fijppofe  this  placed,  is  equal  to  the  Pidture  of  the  fame  Ob¬ 
jedt  feen  with  the  naked  Eye  at  the  Diftance  of  the  Glafs  placed 
from  the  Eye;  for  the  Reprejentation  of  a  Fire  feen  with  the  naked 
Eye  encr  cafes  as  the  Difatice  of  that  from  this  is  diminifhed ;  for  the 
apparent  Magnitude  follows  the  Ratio  of  the  Angle  under  which 
the  Objedt  is  feen  *,  and  this  Angle,  the  Line  remaining,  which  is 
the  Bale  of  it,  is  diminifh’d,  as  the  Bafe  recedes ;  becaufe  we  fpeak 
of  the  fame  Angle. 

The  Eye  being  remov’d  further  (Fig.  2.)  beyond  F,  the  Pheno¬ 
mena  are  different  according  to  the  different  Situation  of  the  Objedt, 
as  will  be  feen  in  the  Scholium  follov/ing ;  in  which  we  fhall  de- 
monftrate  what  has  only  been  mention’d  here. 


There 
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There  are  Glaffes  that  have  one  Surface  plane,  and  on  the  other 
Side  there  are  feveral  plane  Surfaces  that  make  Angles  with  one 
another ;  through  thefe  the  Rays  proceeding  from  the  fame  Point 
fuffer  different  Refractions ;  and  by  every  Surface  are  made  to  enter 
the  Eye  in  a  different  Direction,  as  if  they  came  from  a  different 
Point:  That  is,  the  fame  Point  forms  feveral  imaginary  Foci ;  and 
therefore  appears  multiplied:  For  it  is  feen  in  feveral  imaginary 
Foci  *  :  Which  as  it  happens  in  refpeCt  of  every  Point  of  the  Ob-  * 
jeCt,  through  fuch  a  Polyhedrons  Lenfe,  the  Objedi  appears  multiplied . 
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,  S  C  H  O  L  I  U  M. 

Of  the  Alteration  of  the  apparent  Magnitude . 

WE  have  feen  that  the  apparent  Magnitude  of  an  Object,  feen  3157. 

through  a  Lenle,  is  alter’d  *.  I  fhail  now  demonftrate  the  Me-  *  5133  3140 
thod,  by  which  I  faid  this  Alteration  was  determin’d  ft.  ft  3148. 

But  we  muft  firft  obferve,  that  the  Amplification,  or  Diminution  of  an  3158. 
ObjeCt,  is  not  the  fame  through  the  whole  Lenfe ;  but  we  negleCt  a  fmall 
Difference ;  we  have  determin’d  the  Alteration  of  that  Part  of  the  ObjeCt, 
through  which  the  Axis  of  the  Lenfe  paffes ;  that  is,  we  have  confider’d 
only  thofe  Points  of  the  ObjeCt,  that  are  near  the  Axis  ;  of  which  only  I 
fhail  now  fpeak. 

Suppofing  what  was  mention’d  in  N.  3 148.  moreover  let  0  be  the  Point  3 1 59. 
to  which  the  Rays  come,  which  being  refraCted  meet  at  O,  where  the  Plate  102* 
Eye  is  plac’d  ;  therefore  drawing  B  0,  which  comes  to  the  Lenfe  at  D,  Fig.  1,2,  3 
the  Ray  B  D  is  refraCted  along  D  O,  the  Line  A  B  of  the  ObjeCt  appears 
under  the  Angle  DOV  ;  to  the  naked  Eye  the  fame  is  feen  under  the 
Angle  BOA. 

Therefore  the  Picture  in  the  Eye,  when  a  Glafs  is  put  between,  is  to  3160. 
the  Picture  in  the  naked  Eye,  as  V  D  is  to  VJ-,  whofe  Ratio  is  made  up 
of  the  Ratios  of  V D  to  A B,  and  AB  to  Vi. 

The  firft  is  the  Ratio  of  oV  to  0  A,  the  fecond  is  that  between  OA,  3161. 

OV. 

We  have  VA,  VG  :  :  F  V,  FO*  :  :  0  V,  OVf.  *  3148- 

By  Alter.  Comp,  or Divif.  and  laftly  by  Inverf.  0  V,  0  A  :  :  OV,  OG.f  3055. 
Therefore  the  faid  compound  Ratio  is  made  up  of  thefe  two  Ratios  of 
O  A  to  O  V  and  O  V  to  O  G,  which  is  the  fame  Ratio  as  that  be¬ 
tween  O  A  and  O  G,  as  has  been  fhewn  in  the  faid  N.  3148. 

Let  us  now  fuppofe  the  Eye  and  ObjeCt  to  be  tranfpofed,  the  Eye  to  3162. 
be  placed  at  A,  the  ObjeCt  at  O  •,  the  Rays,  that  proceed  from  the  Point 
O  of  the  ObjeCt,  enter  the  Eye  as  if  they  proceeded  from  0,  as  follows  *  *  2789. 
from  the  determination  of  this  Point  ft;  wherefore,  inftead  of  the  ObjeCt  ft  3 1 59. 
at  O,  we  fee  it’s  Image  at  0.  In  the  Cafe  of  Fig.  2,  the  Rays  converging 
from  all  the  Points  of  the  Image,  make  a  confus’d  Picture  in  the  Bottom 
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3 1 3  6.  of  the  Eye  *,  but,  as  it  is  manifeft,  the  Magnitude  of  the  Pidture  of  the 

Image  is  the  fame,  whether  it  be  before,  or  behind  the  Eye,  if  the 
Diftance  and  Magnitude  of  it  do  not  differ. 

The  linear  Magnitude  of  the  faid  Image  is  to  the  linear  Magnitude  of  the 
Oh  jell  itfelf  as  the  Diftance  of  that  to  the  Diftance  of  this  from  the  Glafs  \ 
that  is,  as  V  0  to  V  O  ;  as  follows  from  Number  3045  *,  from  which  we 
alfo  deduce  in  general,  that  the  Qbjett  remaining ,  the  Diameter  of  the  Image 
follows  the  Ratio  of  the  Diftance  of  it  from  the  Glafs. 

The  Picture  of  a  Line  in  the  Bottom  of  the  Eye ,  if  it  be  perpendicular  to 
the  Axis  of  the  Eye  continued,  fuch  as  the  Lines  confider’d  here,  is  in¬ 
creas'd  and  diminiftfd  with  this  Line ,  and  follows  the  Proportion  of  it. 

The  fame  Picture  is  increafed  as  the  Eye  approaches,  and  the  contrary, 
and  it  follows  the  inverfe  Ratio  of  the  Diftance  of  the  ObjeH  from  the  Eye , 
as  has  been  feen  above  *. 

Therefore,  in  the  Cafe  of  which  we  are  fpeaking,  the  apparent  Mag¬ 
nitude  through  the  Glafs,  that  is,  the  Magnitude  of  the  Picture  of  the 
Image,  is  to  the  Magnitude  of  the  Picture  of  the  Objedl  in  the  naked 
Eye,  in  a  Ratio  compounded  of  the  Ratio  between  0  V  and  O  V  diredlly, 
and  of  that  between  0  A  and  O  A  inverfly  ;  which  is  the  Ratio  of  the 
Redtangle  made  of  0  V  and  OA  to  the  Redlangle  made  of  OV  and 

*  23-  E1.6.  0  A  *,  which  is  the  fame  Ratio  that  we  had  above,  before  the  Eye  and 
3161.  Objedl  were  tranfpos’d  f. 

Again  Let  V  be  a  convex  or  concave  Glafs,  as  in  N.  3159  5  O  the 
Eye  *,  0  the  Point  to  which  the  Rays  come,  which  proceed  from  the  Eye ; 
A  B  the  Line  of  a  determined  Magnitude  in  the  Objedl,  which  we  fup- 
pofe  moveable. 

The  apparent  Magnitude  of  the  Line  A  B,  to  the  naked  Eye,  follows 
the  inverfe  Ratio  of  the  Diftance  O  A  *,  therefore,  if  the  Afiymptotes 
Plate^io2.  being  OVA  and  OE,  any  Hyperbola,  as  dg,  be  defcribed,  the  Ordinates, 
F.  4,  5,  6.  as  A  L,  AL,  will  be  to  one  another  as  thePidlures  of  the  Objedl,  when  it 
is  plac’d  at  A,  or  A,  for  thefe  Ordinates  are  diminifh’d,  as  the  Diftance 

*  La  Hire  Se£t.  O  A  is  increas’d  *. 

Con.  Lib.  4.  The  apparent  Magnitude  of  the  fame  lane  A  B,  feen  through  a  Glafs, 
Prop.  2.  js  as  t|ie  Ang]e  DOV;  which  itfelf,  by  reafon  of  the  frnall  Line  V  D  % 
3l07*  follows  the  Ratio  of  the  Angle  V  0  D,  that  is,  of  A  0  B,  under  which  the 
Plate  102.  objedl  would  be  feen,  if  the  Eye  were  at  0.  Therefore  an  Hyperbola 
Hg.  i>  2,3.p)Q  being  defcrib’d  at  Pleafure,  it’s  Afiymptotes  being  0  V  A  and  0  e, 
3 x5°#  it’s  Ordinates  A  /,  A/,  are  alter’d  as  you  recede  from  0,  as  the  Pidlure 
Plate  102.  t]ie  Eye,  when  the  Objedl  is  transfer’d  with  the  Ordinate,  and  is  feen 
^irough  the  Glafs  ;  as  follows  from  the  foregoing  Demonftration-f. 

Both  the  Hyperbolas  may  be  defcrib’d  at  Pleafure,  as  has  been  faid ; 
but  if  we  would  make  ufe  of  thefe  together  in  flich  Manner,  that  there 
may  be  the  fame  Ratio  between  AL  and  it’s  Correfpondent  A /,  of  the 
other  Hyperbola,  which,  in  that  Pofition  of  the  Objedl,  is  between  the 
apparent  Magnitude  to  the  naked  Eye,  and  this  through  the  Glafs,  we 
muft  defcribe  the  Hyperbolas  in  fuch  Manner,  that  both  the  Ordinates  at 
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V  may  be  equal,  as  V d,  VD;  becaufe,  if  the  Objed  be  in  this  Point, 
both  the  Pidures  are  equal  *.  *  3147. 

When,  the  Lenfe  being  convex,  the  Eye  is  remov’d  from  theLenfe,  3169. 
beyond  the  Focus  of  parallel  Rays  proceeding  from  a  contrary  Part,  the  PL  102. 
Point  0  falls  at  the  oppofite  Side  of  theLenfe  •,  then  if  the  Objed  be  at  0 ,  Fig.  25. 
the  Increafe  of  the  Pidure  is  infinite.  If  the  Objed  be  then  remov’d 
further  from  the  Eye,  the  oppofite  Sedion  g  h  is  of  ufe  ;  for  this  is  the 
Continuation  of  the  Hyperbola,  and  it  demonftrates  by  it’s  Pofition,  that 
the  Pofition  of  the  Pidure  in  this  Point  is  alter’d,  that  is,  that  the  Ob- 
jeds  appear  inverted. 

When  OF  exceeds  FV,  the  Curve  g  h  cuts  dg. ,  thefe  two  being  con-  3170. 

tinued.  We  difcover  the  Interfedion,  if  to  thefe  two  OF — F  V  and 
O  V,  there  be  fought  a  third  Proportional,  for  this  will  determine  in  the 
Axis  OA,  the  Diftance  between  the  Point  O  and  that,  to  which  the 
equal  Ordinates  of  the  Curves  g  b,  dg ,  correfpond. 


CHAP.  XII. 

Of  Microfcopes  and  Telefcopes. 

WE  have  already  fhewn  the  Ufe  of  fpherical  Gaffes,  in  cor-  3171, 
reding  the  Faults  of  the  Eyes  of  old  Men,  and  fuch  as  are 
fhort-fighted  *.  We  fhall  now  confider  how  they  ferve  in  the  Dif-  *  3*39  3H4- 
covery  of  the  lead:  Objeds,  and  bringing  the  moft  diftant,  as  it 
were,  to  the  Eye. 

We  have  already  faid  that  convex  Glaffes  magnify  the  Objeds  ;  3172. 

which  Magnifying  depends  upon  the  Refradion  of  the  Rays,  as  they  -f  3133. 
go  through  the  convex  Lenfe ;  whence  it  follows,  that  it  is  aug¬ 
mented,  if,  under  the  fame  Circumftances,  the  Refradion  be  in- 
creafed  5  and  this  Effed  will  be  obtain’d,  by  increafing  the  Con¬ 
vexity  of  the  Lenfe  j  which  will  be  the  more  convex  as  the  Surfaces 
bounding  it  are  Portions  of  a  lefs  fphere  ;  which  can  only  be  had 
in  fmall  Glaffes. 

Definition  i. 

Such  fmall  Lenfe  $  are  call'd  Microfcopes .  3173. 

Small  Objects  are  vajlly  magnified  by  a  Alter  of  cope  y  by  Means  of  3  174, 
which,  Things  that  are  invilible  to  the  naked  Eye,  may  be  leen 
very  diftindly. 
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Definition  2. 

-'TbeSpace  feen  through  the  Mi  cr  of  cope,  that  is,  the  Circle  in  which 
Objects  are  vifible  through  the  Microfcope,  is  call'd  the  Field  of  the 

Microfcope. 

Experiment  i. 

If  the  fmall  Objedt  A  E  be  view’d  through  the  Microfcope  V, 
it  will  appear  magnified  at  a  e 

But  we  lee  Objedts  through  a  Glafs  moft  diftindtly,  when  we 
bring  the  Eye  as  near  to  it  as  poflible,  and  the  Objedt  is  placed  at  a 
juft  Diftance  ;  which,  in  the  Ufe  of  fmall  Lenfes,  is  entirely  necef- 
fary,  otherwife  the  Field  vanilhes. 

Objects  feen  through  fuch  Glafles  appear  immenfely  magnified, 
yet  the  Picture  has  the  fame  Magnitude  in  the  Bottom  of  the  Eye, 
the  Lenfe  being  plac’d,  or  remov’d  * ;  the  Amplification  in  this 
Cafe  is  to  be  attributed  only  to  the  Removal  of  the  Confufion. 
Let  us  fuppofe  a  Man,  who  fees  Objects  moft  diftindtly  at  the 
Diftance  of  feven  Inches,  let  him  fee  a  fmall  Grain  of  Sand,  plac’d 
at  this  Diftance  from  his  Eye,  the  Pidture  in  the  Bottom  of  his  Eye 
will  be  very  fmall ;  let  him  bring  the  Grain  of  Sand  fo  near  as  to 
reduce  it’s  Diftance  to  a  hundredth  Part,  and  the  Diameter  of  the 
Pidture  will  be  a  hundred  times  as  great  *  ;  the  Villon  is  confided, 
or  rather,  nothing  at  all  is  feen  plainly,  a  Lenfe  of  due  Convexity 
being  plac’d  between,  the  Objedt  is  feen  diftindtly ;  but  as  nothing 
of  this  happens  to  the  naked  Eye,  we  compare  the  Magnitude  of 
the  Objedt  through  the  Lenfe  with  the  greateft,  that  we  perceive 
with  the  naked  Eyes. 

When  very  fmall  Objedts,  or  the  very  fmall  Parts  of  Objedts,  are 
examin’d,  thefe  Angle  Microfcopes  are  to  be  preferr’d  to  others  $ 
but  the  Field  is  very  fmall,  and  the  fmalleft  Lenfes  are  hardly  of  any 
Ufe,  except  to  thofe,  who  by  Ufe  have  acquir’d  the  Method  of 
managing  both  Glaftes  and  Objedts. 

There  are  alfo  Microlcopes  made  up  of  two,  or  three  Lenfes,  in 
which  the  Field  is  greater  than  in  the  fingle  ones,  and  the  Ampli¬ 
fication  is  greater.  I  fhall  fhew  the  Foundation  of  them. 

Let  there  be  a  fmall  Lenfe  V,  very  convex,  and  let  there  be  an 
.  Objedt  A  E  at  fuch  a  Diftance  from  it,  that  all  the  Points  of  it 
•  may  have  their  Focus  behind  the  Glafs  * ;  bring  the  Objedt  fo  near, 
that  the  Foci  may  be  remov’d  to  ae\-,  there  will  be  there  a  Re- 
prefentation  of  the  Objedt,  very  much  magnified,  which  will  be 
fenfible,  if  it  be  receiv’d  upon  a  white  Plane 
- - '■  - - - - - - 2 - 
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Experiment  2. 

This  Experiment  may  be  well  made,  by  ufing  the  Tube  of  the  3182, 
Microlcope,  in  which  tranfparent  Objedts,  in  an  horizontal  Pofition, 
may  be  ftrongly  illuminated  by  the  Sun’s  Rays,  refledted  by  a  fmali 
concave  Mirror  ;  which  Microfcopes  are  very  common  in  England , 
and  now  in  thefe  Parts  alfo.  The  Wing  of  a  Fly  is  plac’d  in  fuch 
Manner,  as  it  fhould  to  be  feen  through  the  Microfcope,  and  it  is 
ftrongly  enlighten’d  3  then  all  the  Lenfes  being  taken  out  of  the 
Tube,  one  only  fmali  one  of  thofe,  which  don’t  magnify  very 
much,  is  join’d  to  it,  at  the  lower  End,  and  a  Diaphragm  of  thin 
Paper,  is  fitted  in  the  Middle  of  the  T ube 3  the  Eye  being  now 
applied  to  the  upper  Aperture  of  the  Tube  itfelf,  the  Pidture  of 
the  laid  Objedt  is  feen  on  the  Paper 3  but  the  Tube  is  raifed  or  de~ 
prefs’d,  till  the  Reprefentation  is  diftindt,  which  though  it  falls  on 
the  oppofite  Surface  of  the  Paper,  yet  appears  vivid  enough. 

All  the  Points  of  this  Reprefentation,  which  we  fuppofe  to  be  3183. 
exhibited  at  ae ,  are  radiant  Points,  and  vifibie  *,  if  the  Paper  be  Plate  103. 
remov’d.  The  Rays  proceeding  from  thefe  are  tranfmitted  through  Fig.  2. 
a  fecond  Lenfe  O  O,  and  enter  the  Eye,  as  if  they  proceeded  from  *  3 121*  3 1 37- 
Points  at  a  greater  Diftance  between  a  and  e  3  that  is,  the  Rays  ^  3131* 
proceeding  from  the  Objedt  A  E,  ’  after  the  Refradtion  through  the 
two  Glafles  V  and  O  O,  enter  the  Eye,  as  if  they  proceeded  from 
the  Objedt  a  e . 

Therefore  through  fuch  a  compound  Microfcope  the  Object  appears  3  \  84* 
inverted ,  and  much  more  magnified  than  through  the Jingle  Microfcope . 

For  the  Line  AE  through  the  fingle  Microfcope  V,  applied  to  the 
Eye,  would  be  feen  under  the  Angle  oppofite  to  the  Vertex  of  a  V  ey 
and  is  equal  to  it  3  but  now  the  fame  Objedt  is  feen  under  the  Angle 
O  dO,  which  is  to  the  firft,  as  the  Diftance  between  the  Glaffes  V 
and  OO  to  the  Diftance  between  this  laft  and  the  Eye  *  3lS39 

Definition  3  and  4. 

In  this  Microfcope  the  fmallejt  Lenfe ,  which  is  next  to  an  Objedl,  3185. 
is  called  the  OhjeB  Glafsy  and  the  other  the  Eye  Glafs . 

Definition  5. 

The  Part  of  the  Surface  of  the  Object  Glafs ,  which  is  not  cover' dy  3186» 

that  is,  through  which  the  Rays,  proceeding  from  an  ObjeLt,  pafs ,  ts 
called  the  Aperture  of  the  Microfcope . 
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The  Eye  Glafs  mull  not  be  too  fmall :  For  the  Points  of  the  Re¬ 
presentation  a  e>  although  they  be  radiant  Points,  do  not  emit 
Light  every  way  ;  the  Rays  which  pafs  through  the  Objedt  Glafs 
do  only  interfedt  one  another  in  the  feveral  Points  of  the  Reprefen- 
tation  a  e ;  which  Reprefentation  therefore  will  not  be  vifible,  un- 
lcfs  the  Rays  which  go  through  the  Objedt  Glafs  do  alfo  go  through 
the  Eye  Glafs;  therefore  the  Field  depends  upon  the  Magnitude  of  this 
Lenfe . 

The  Eye  alfo  mujl  he  fo  plac'd ,  that  all  the  Rays  which  come  to 
the  Eye  Glafs,  and  go  through  it,  may  come  to  the  Eye ;  and  this 
is  done  by  placing  the  Eye  at  d,  the  Point  in  which  all  the  Rays  that 
come  from  the  Center  of  the  Object  Glafsy  are  colleffied  beyond  the  Eye 
Glafs. 

The  Amplification  may  be  further  increafed,  by  adding  a  fecond 
Eye  Glafs ;  this  is  plac’d  in  the  Angle  O  dOy  as  00,  and  the  Rays 
O  dy  O  d,  converge  morer  *,  and  meet  at  ny  where  the  Eye  muft 
be  plac’d.  The  Pofition  of  the  Objedt  A  E  muft  alfo  be  alter’d  a 
little,  that  the  Objedt  may  appear  diftindtly. 

Objects  appeal*  bright  enough  through  Microfpopes,  becaufe  they 
are  very  near  the  Glafs ;  and  fo  the  fame  Number  of  Rays  pafs 
through  a  fmall  Lenfe,  as  would  not  pafs  at  a  greater  Diftance, 
unlefs  through  a  greater  Hole.  Yet  often  where  the  Objects  are  the 
moft  magnifiedy  they  ?nuft  be  enlighten'd  by  Rays  collected  through  a 
convex  Le?ifey  and  throw n  upon  them . 

The  Aftronomical  Telefcope  very  much  refepables  the  compound 
Microfcope. 

Definition  6. 

Infruments  adapted  to  fee  di  flant  Obje5lsy  are  call'd  Felefcopes. 

That  which  we  now  fpeak  of,  is  call’d  an  Aftronomical  Telef¬ 
cope,  becaufe  it  is  not  fit  for  feeing  Objedts  upon  the  Earth  $ 
for  it  reprefents  them  inverted ;  but  Aftronomers  do  not  much 
regard  the  Situation  of  the  Appearance  of  the  Objedt. 

This  Felefcope  confifs  of  two  convex  Lenfesy  the  one  an  Objedt 
Glafs,  which  is  placed  next  to  the  Objedts,  and  the  other  an  Eye 
Glafs,  placed  next  to  the  Eye.  By  Help  of  the  firft  diftant  Objedts 
are  reprefented  at  a  certain  Diftance  behind  the  Lenfe  *,  as  near 
Objedts  are  in  the  compound  Microfcope.  If  this  Reprefentation 
be  obierved  through  an  Eye  Glafs,  it  will  appear  inlarged  and  in-r 
verted,  as  has  been  faid  of  the  Microfcope.  It  is  plain  alfo  in 
this  Cafe,  as  well  as  in  the  Microfcope,  that  the  Field  depends  upon 
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the  Bignefs  of  the  Eye  Glafs ;  as  likewife  that  the  Place  of  the  Eye  is  3196. 
to  be  determin'd  in  the  fame  Manner  for  the  Teh f cope  as  for  the  Mi -  3  197. 

crofc  pe  *  ;  and  therefore  that,  by  reafon  of  the  Length  of  the  Te-  %  3189. 
lefcope,  the  Eye  ought  to  be  plac'd  in  the  Focus  of  parallel  Rays  of  the 
Eye  Glafs  as  to  Senje.  For  the  aftronomical  Telefcope  only  differs 
from  the  compound  Micro fcope,  that  in  the  compound  Microfcope 
the  Lenfes  are  more  convex,  and  fo  lefs  fit  for  viewing  diftant  Ob¬ 
jects,  efpecially  the  Objedt  Glades.  In  the  Microfcope  the  Con¬ 
vexity  of  the  Objedt  Glafs  is  greater  than  that  of  the  Eye  Glafs ; 
but  in  the  Telefcope  it  is  lefs. 

Telefcopes  may  be  as  long  as  poflible  for  obferving  the  Stars ;  but  3  19& 
when  they  are  above  twenty  Feet  long,  they  are  of  no  Ufe  for  fee¬ 
ing  Objedfs  upon  the  Earth,  becaufe  of  the  conflant  trembling  of 
the  Air,  which  is  too  fenfible  in  Glades  that  magnify  much.  r 

A  fliort  afr  onomical  Telefcope  will  ferve  to  fee  Objedt  s  upon  the  3199. 
Earth ,  by  adding  to  it  two  convex  Lenfes ,  which  are  alfo  call’d  Eye 
Glades. 

But  the  three  Eye  Glades  are  dmilar,  and  colledt  parallel  Rays  at  ^200. 
a  Diftance  double  of  that,  at  which  the  Eye  Glafs  of  the  aftrono¬ 
mical  Telefcope  ought  to  colledl  them,  the  fame  Objedt  Glafs  re¬ 
maining. 

Let  V  be  an  Objedt  Glafs,  reprefenting  a  diftant  Objedt  inverted  32or. 
at  e  a ;  alfo  let  there  be  three  Eye  Glades  O  O,  O  O,  O  O.  The  PL  1 03 . 
firft  is  fo  plac’d,  that  the  Rays  coming  from  the  Points  of  the  Re-  Fig.  3 . 
prefentation  e  a ,  may  become  parallel  when  they  have  pafs’d  through 
the  Lenfe*.  In  that  Cafe  the  Rays  which  come  from  the  middle  3011. 
Point  of  the  Objedt  Glafs,  are  colledted  at  G ;  the  fecond  is  fo  plac’d, 
that  thefe  Rays  which  are  colledted  at  G,  where  they  interfedt  one 
another,  and  as  it  were  come  from  that  Point,  may  go  out  parallel  * ;  *  3011. 
which  being  fuppofed,  the  Rays  coming  from  the  Objedt  Glafs  to 
e ,  and  there  interfedting,  and  forming  that  Point  of  the  Reprefen- 
tation,  being  refradted  through  the  drft  Glafs,  pals  through  G  paral¬ 
lel  to  one  another ;  they  are  refradted  through  the  fecond  Lenfe  ac¬ 
cording  to  the  Diredtion  O  e ,  and  are  colledted  at  e  *,  fo  as  to  make  *  30 1 o. 
it  a  Point  of  a  new  Reprefentation.  In  the  fame  Manner  the  Point 
a  of  the  firft  Reprefentation  will  anfwer  to  the  Point  a  of  the  fe¬ 
cond  ;  and  fince  this  is  true  concerning  the  intermediate  Points,  the 
Reprefentation  of  the  .Objedt  will  be  eredt  at  a  e-. 
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Experiment  3. 

The  two  Boards  T,  T,  furniftfd  with  Glaffes  *,  which  collect 
parallel  Rays  at  the  Diftance  of  about  five  Inches,  are  mov’d  upon 
a  Table  between  two  Rulers,  in  fuch  Manner,  that  the  Axes  of  both 
Lenfes  may  be  in  the  lame  Line,  in  which  the  Hole  alfo  is,  through 
which  only  the  Light  enters  into  the  Chamber,  and  in  which  the 
Object  Glafs  is  fix’d,  which  is  contain’d  in  the  fhort  Tube  AB,  that 
the  fide  Light  may  be  excluded. 

The  Object  Glafs  is  fuch,  that  it  may  reprefent  diftant 
Gbjedls  inverted  at  F,  at  a  Diftance  of  about  three  Feet  from  A, 
which  Reprefentation  is  feen,  if  the  Rays  be  intercepted  by  a  white 
Plane  *.  The  firft  Eye  Glafs  is  at  a  Diftance  of  five  Inches  from 
F,  from  which  the  fecond  Lenfe  is  fix  Inches  diftant;  atfi  at  a 
Diftance  of  five  Inches  from  it,  there  is  an  eredt  Reprefentation  of 
the  fame  Objedts,  which  is  alfo  fenfible  by  putting  a  white  Plane 
between. 

The  Reprefentation  a  e  is  obferv’d  through  the  third  Eye  Glafs ; 
the  Eye  is  plac’d  at  d ,  in  which  the  parallel  Rays  aO,  eO  are 
collected ;  then  we  demonftrate  that  the  Objedl  appears  amplified, 
nearer ,  and  crett ;  for  it  is  feen  under  the  Angle  O  A  O,  whilft  it 
would  appear  under  a  fmall  Angle  to  the  naked  Eyes,  namely,  that, 
which  is  oppofite  to  the  Vertex  of  the  Angle  e  V  a. 

The  Object  appears  nearer  alfo ;  not  only  becaufe  the  Rays  go 
into  the  Eye,  as  if  they  proceeded  from  an  Objedt  a  e  not  very 
remote,  but  chiefly,  becaufe,  by  reafon  of  the  Amplification,  we 
diminifh  the  Diftance  in  the  Imagination. 


Ex  PERIMENT  4. 

Things  being  given  as  in  the  laft  Experiment ;  a  third  Board  S 
3205*  js  piac’d  at  the  Diftance  of  ten  Inches  from  the  fecond  Eye  Glafs, 
p.ate  io3-  fumilh’d  with  a  like  Glafs ;  and  a  fourth  Board  D,  in  the  Middle 
]S*  4*  0f  w}dch  is  a  Hole  dy  is  plac’d  in  the  fame  Line  with  all  thofe,  and 
the  Diftance  between  S  and  D  is  about  five  Inches.  Now  if  the 
Eye  be  applied  to  the  Hole  d ,  the  Objedt,  as  has  been  faid,  will 
appear  ered,  magnified,  and  near.  If  the  Board  D  be  difplac’d, 
that  is,  be  brought  nearer  or  remov’d  farther  off,  the  Field  of  the 
Telefcope  is  diminifh’d ;  becaufe  there  is  but  one  Situation  of  the 
Eye,  in  which  all  the  Rays  that  pafs  through  the  Eye  Glaffes  can 
come  to  the  Eye. 
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We  are  to  take  Notice  that  the  Eye  Glafles,  made  ufe  of  here, 
are  not  convex  enough  in  refped  of  the  Objed  Glafs  V ;  but  they 
are  beft  for  making  the  third  Experiment, 

We  determine  the  Amplification  of  the  Objed  in  this  Telefcope, 
by  confidering  the  Increafe  of  the  Pidure  of  the  Line  of  any  Ob¬ 
ject,  and  the  Picture  is  to  the  naked  Eye,  to  the  fame,  when  the 
Telefcope  is  ufed,  whether  one  Eye  Glafs  be  ufed,  or  three  equal 
ones,  as  the  Diftance,  at  which  the  Eye  Glafs  collects  parallel  Rays, 
is  to  that,  which  is  between  the  Objed  Glafs  and  the  Eye  Glafs 
next  to  it ;  for  fo  are  the  Angles  under  which  we  fee  the  fame  Line 
with  the  naked  Eyes  and  through  the  Telefcope  ;  for  the  firft  is 
vertical  to  O  V  O,  and  the  fecond  is  OdO,  as  has  been  faid  above. 

All  the  Points,  of  the  Qbjedl  do  alfo  appear  more  enlighten' d :  For 
the  Rays  which,  coming  from  any  Point  of  the  feveral  Points  of 
the  Objed  Glafs,  do  interfed  one  another  in  a  Point  of  the  Repre- 
fentation,  by  Reafon  of  the  fmall  Diftance  of  the  Eye  Glafs  from 
that  Reprefentation,  are  but  little  difpers’d  before  they  come  to  the 
Eye  fo  that  they  all  go  into  it.  And  therefore  the  Illumination , 
given  by  the  Telefcope ,  is  to  that  which  is  given  by  the  naked  Eye ,  as 
the  Surface  of  the  Aperture  of  the  Objedl  Glafs ,  through  which  the 
Rays  pafs ,  to  the  Surface  of  the  Pupil 

One  may  alfo  with  two  Lenfes  make  Telef copes,  which  fall  few 
Objects  erebl ,  enlighten'd ,  and  magnified.  Thefe  muft  be  fhorter ; 
for  if  they  be  above  one  Foot  long,  they  become  almoft  ufelefs. 

Let  V  be  an  Objed  Glafs ;  the  inverted  Reprefentation  of  a  diftant 
Objed  will  be  at  e  a  *  :  The  Rays  are  fo  intercepted  by  the  con-  Plate  103. 
cave  Lenfe  OO,  that  fuch  of  them,  as  come  from  the  Center  of  F.  5. 
the  Lenfe  V,  are  infleded  as  if  they  proceeded  from  the  Point  f  %•>  *  3058. 
by  the  fame  Refradion  the  Rays,  which  concur’d  at  a,  become  J  3021. 
diverging  having  their  imaginary  Focus  at  a ;  which  alfo  hap-  f  3022. 
pens  in  refped  to  all  the  Points  of  the  Reprefentation  e  a ,  and  in- 
ftead  of  it,  you  have  an  imaginary  Reprefentation  which  is  ered  at 
a  e ;  that  is,  the  Rays  enter  the  Eye  as  if  they  came  from  the  Objed 
plac’d  at  a  e. 

The  Rays,  in  all  refpeds,  go  out  diverging  from  the  Eye  Glafs  5 
and  therefore  the  Eye  mufi  be  brought  as  near  as  pofjible  to  the  Eye 

The  Field  in  this  Telefcope  depends  upon  the  Magnitude  of 
the  Pupil ;  the  Magnitude  of  the  Objed  Glafs  muft  alfo  be  con- 
fider’d;  for  often,  in  a  fhort  Telefcope,  furnifh’d  with  a  large  Ob¬ 
jed  Glafs,  the  Rays,  which  come  from  a  Point  of  an  Objed  oblique- 
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ly  to  the  Center  of  the  Lenfe,  don’t  reach  the  Pupil,  whilft  the 
other  Rays,  proceeding  from  the  fame  Point,  which  pafs  through 
the  Lenfe  near  the  Circumference,  go  into  the  Eye. 

The  general  Theory  of  Microfcopes  and  Telefcopes  being  ex¬ 
plain’d,  I  fhall  add  fomething  concerning  the  Perfection  of  thefe 
Inftruments ;  I  fhall  fpeak  chiefly  of  Telefcopes,  moft  of  which 
may  be  applied  to  Microfcopes. 

The  Lfe  of  an  ObjeCt  Glafs,  is  to  make  a  Reprefentation  of  a 
vifible  ObjeCt,  which  we  obferve  through  an  Eye  Glafs  :  The  greater 
this  Reprefentation  is,  the  more  diftinCtly  the  fmall  Parts  of  an  Ob¬ 
ject  may  be  feen.  But  the  Magnitude  of  this  Image,  as  long  as 
we  confider  the  fame  ObjeCt,  follows  the  Proportion  of  the  Diftance.,, 
at  which  it  is  from  the  Lenfe  In  an  ObjeCt  at  a  great  Diftance, 
fuch  as  we  now  confider,  the  Rays,  proceeding  from  any  Point, 
are  Parallel  to  Senfe,  and  the  Image  is  remov’d  to  the  Diftance ,,  at 
which  the  ObjeCt  Glafs  colle  Els  parallel  Rays ;  we  call  this  the  Length 
of  the  Telefcope. 

The  jirji  thing  therefore  requir'd  to  the  Perfection  of  Telefcopes  isy 
that  they  be  long ,  yet  we  muft  have  regard  to  what  has  been  ob¬ 
ferve  d  above  of  this  Length 

The  faid  Image  muft  be  inlarg’d  by  Help  of  an  Eye  Glafs  as 
much  as  poflible,  that  the  Picture  of  the  ObjeCt  in  the  Eye  may  be 
as  great  as  poflible  r  but  all  the  Light,  whereby  the  Image  is  made, 
always  goes  into  the  Eye ;  therefore,  when  the  Picture  is  inlarg'dy 
when  the  Light  is  not  increas’d,  the  Picture  is  darken' dy  in  the  Ra¬ 
tio  of  it's  Increafe ;  for  the  fame  Light  is  fpread  more. 

Whence  it  follows  that  the  Light,  whereby  the  Image  is  made,, 
muft  be  firft  increafed  as  much  as  poflible,  and  then  the  Eye  Glafs 
muft  be  fo  convex,  that  the  Amplification  may  be  as  great  as  pofli¬ 
ble,  the  Clearnefs  remaining. 

The  Light  that  tends  to  all  the  Points  of  the  Image,  pafles  through 
all  the  Points  of  the  Aperture  of  the  ObjeCt  Glafs ;  and  therefore 
the  Illumination  of  the  Image  is  proportional  to  the  Surface  of  this 1 
Aperture. 

But  this  Aperture  is  circumfcrib’d  in  narrow  Bounds  for  two 
Reafons.  The  Rays  proceeding  from  a  Point,  are  collected  into 
one  Point  only,  when  they  are  a  little  difpers’d,  for  otherwife  the 
Reprefentation  of  the  Point  is  a  Spot ;  as  follows  from  what  was: 

faid  el  fe  where 


But  the  Difperfion  of  the  Rays  from  this  Caufe  is  negleCted;  be- 
caufe  the  Spots,  that  make  the  Image,  if  they  do  not  increafe  be- 


yond  a  certain  Magnitude,  are  not  noxious  ;  but  before  they  come 
to  that  Magnitude,  by  dilating  the  Aperture,  the  Image  is  already 
confufed  for  another  Reafon ;  wherefore  we  only  confider  the  fe- 
cond  Caufe  of  the  Difperfion  of  the  Rays,  proceeding  from  the  fame 
Point. 

Every  Ray  is  fubjedt  to  this  Law  of  Refradtion,  which  I  (hall  3222* 
explain  more  fully  in  the  fourth  Part  of  this  Book ;  for  a  Ray  is  fo 
divided,  and  difperfed,  when  bent  by  Refradtion,  as  to  fill  the 
Plane  of  the  Angle,  which  is  in  the  Ratio  of  the  Bending  of  the 
Ray,  at  lead:  in  all  thofe  Cafes,  of  which  I  now  fpeak. 

When  the  Aperture  of  a  Telefcope  is  inlarg’d,  the  Difperhon  of  3223. 
the  mod  diftant  Rays  increafes,  and  this  is  eafily  fo  increafed,  that 
the  Image  will  become  quite  confufed ;  but  Experience  alone  can 
teach  us,  how  far  the  Spots  may  be  increafed,  and  the  Image  be 
kept  diftindt. 

Now  if  we  fuppofe  this  to  be  determin’d  by  Experience,  we  3224* 
muft  return  to  the  Illumination  *  ;  but  in  order  to  determine  this,  *  321 9. 
we  muft  not  feek  fuch  an  Eye  Glafs,  as,  when  the  Aperture  and 
Length  of  the  Telefcope  are  given,  extends  the  Pidture  in  the  Bot¬ 
tom  of  the  Eye  in  fuch  Manner  that  the  Clearnefs  of  a  diftant  Ob- 
jedt  in  the  Telefcope  may  agree  with  the  Clearnefs  of  the  fame  Ob- 
jedt,  brought  fo  near  to  the  naked  Eye,  that  the  Pidture  may  have 
the  fame  Magnitude  as  in  the  Telefcope.  But  Experience  has 
(hewn  with  regard  to  the  Day  that  a  ilxth  Part  of  the  Light,  which 
(hould  be  thus  determin’d,  is  fufficient,  that  an  Objedt  may  appear 
enlighten’d  enough;  in  the  Night  much  lefs  Light  is  fufficient, 
becauie  the  Fibres  of  the  Retina  are  more  eafily  mov’d  then,  for 
fo  they  conftitute  themfelves,  when  the  external  Light  is  diminhh’d. 

This  is  the  Reafon  of  the  Difference,  mention’d  above,  between 
the  Eye  Glaffes  of  the  Telefcopes  which  are  ufed  in  the  Day  or  in 
the  Night  *.  When  the  Eye  Glafs  is  twice  as  acute,  as  has  been  *  3200V 
(hewn  there,  the  Clearnefs  is  reduc’d  to  a  fourth. 

Therefore  all  that  is  requir’d  to  the  Perfedtion  of  a  Telefcope,  32253 
when  it’s  Length  is  given,  muft  be  determin’d  by  Experiments, 
that  is,  by  Trials.  But  thefe  Trials  fufiice  for  one  Telefcope.  For 
if  the  Length  of  the  Telefcope,  it’s  Aperture,  and  the  Diftance  at 
which  the  Eye  Glafs  colledts  parallel  Rays  be  given,  we  dilcover 
by  Computation  the  Conftrudtion  of  a  Telefcope  of  any  other 
Length  v/hatfoever,  which  exhibits  what  is  vifible  as  diftindt,  and 
clear  as  the  firft. 

To- 
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*  1  * 

To  avoid  Confufion  we  fpoke  as  if  the  Trials  which  relate  to 
the  Magnitude  of  the  Spots,  mentioned  in  N.  3220,  might  be  made 
without  having  regard  to  the  Eye  Glafs ;  but  it  is  not  fo,  for  the 
Confufion  depends  upon  the  Magnitude  of  the  Picture  of  this  Spot, 
and  this  Picture  is  different  according  to  the  different  Figure  of  the 
Eye  Glafs. 

The  Trials  therefore  mu  ft  be  fo  made,  that  different  Eye  Glafies 
may  be  ufed  for  each  of  the  Apertures. 

Huygens  for  no&urnal  Obfervations  determin’d  an  Aperture, 
whofe  Diameter  is  three  Inches,  when  the  Length  of  the  Telefcope 
is  thirty  Feet  •  and  he  gave  an  Eye  Glals,  whofe  Focus  of  parallel 
Rays  is  diftant  from  it  three  Inches  and  a  Tenth.  Yet  it  muft  be 
obferved  that  Object  Glaffes,  except  they  be  very  well  work’d,  can 
-fcarce  bear  fo  great  an  Aperture,  and  that  moft  Spectators  require 
more  Clearnefs ;  and  therefore  a  lefs  acute  Eye  Glafs  muft  be  ufed ; 
though  Huygens  himfelf  fometimes  ufed  Glaftes  more  acute,  than 
he  fhould  have  done  according  to  the  following  Rule. 

If  the  Length  be  alter’d,  the  Aperture  mufl  be  alter'd  in  fuch 
Manner ,  that  it's  Diameter  may  be  in  the  fiubduplicate  Ratio  ofi  the 
Lengthy  and  the  D  fiance  oj  the  Focus  oj  parallel  Rays  in  the  Eye 
Glafs  mufi  be  alter'd  in  the  Jame  Ratio. 

When  ObjeCts  are  more  clear,  the  Light,  which  in  the  Margins 
of  the  Spots  did  not  affeCt  the  Fibres  of  the  Retina,  aCts  upon  the 
Eye ;  and  to  avoid  Confufion  the  Aperture  of  the  Telefcope  muft 
be  diminifhed  :  But  if  this  be  too  fmall,  the  Objects  do  not  appear 
exactly  terminated,  alfo  when  too  much  Light  remains ;  the  Caufe 
of  which  Phenomenon  is  not  yet  fufficiently  known  :  In  thefe 
Cafes,  the  Eye  Glafs  muft  be  colour’d  with  Smoke,  to  remove  the 
too  great  Clearnefs. 


S  C  H  O  L  I  U  M. 

Floe  Demonjlration  of  the  Rule  delivered  in  N.  3229,  concerning  the 
Determination  of  the  Apertures ,  and  the  Eye  GlaJJ'es  ofi  Felef copes. 

^f^HE  Clearnefs  of  a  Pidture  in  the  Eye,  of  an  Objedt  feen  through 
Jf_  a  Telefcope,  is  as  the  Aperture  of  the  Telefcope  *  ;  it  is  alfo  in 
the  inverfe  Ratio  of  the  Surface  of  the  Picture  itfelf  But  the  DianVS- 

•  ter  of  it  is  diredlly  as  the  Diameter  of  the  Image  itfelf,  which  is  as  the 

•  Length  of  the  Telefcope  *,  and  inverfly  as  the  Diftance  of  the  Focus  of 
the  Eye  Glafs  •,  but  the  Picture  itfelf  is  in  the  duplicate  Ratio  of  the 

'  Diameter  ||,  The  Ratio  compounded  of  thefe  three,  the  two  laft  being 

2  inverted, 
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inverted,  is  the  duplicate  diredt  Ratio  of  the  Diameter  of  the  Aperture 
and  the  Diftance  of  the  Focus  of  the  Eye  Glafs,  and  the  inverfe  dupli¬ 
cate  Ratio  of  the  Length  of  the  Telefcope,  Therefore  in  order  to  com¬ 
pare  together  the  Clearnefs  of  different  Telefcopes,  we  muft  in  each  mul¬ 
tiply  the  Diameter  of  the  Aperture  by  the  Diftance  of  the  Focus  of  the 
Eye  Glafs,  and  divide  the  Produdt  by  the  Length  of  the  Telefcope,  and 
the  Quotients  will  be  to  one  another  in  a  fubduplicate  Ratio  of  the  Clear¬ 
nefs. 

Now  if  according  to  the  Rule  the  Length  of  the  Telefcope  be  as  the 
Square  of  the  Diameter  of  the  Aperture,  and  this  Diameter  be  as  the 
Diftance  of  the  Focus  of  the  Eye  Glafs,  the  Product  of  thefe  two  Quan¬ 
tities,  will  be  as  the  faid  Length  *  fo  that  the  laid  Quotient  will  be  the 
fame,  and  the  Clearnefs  the  fame,  for  all  Telefcopes. 

An  Objedt  will  be  feen  equally  diftindt  through  different  Telefcopes,  if 
the  Magnitude  of  the  Spot  in  the  Eye,  which  exhibits  the  vifible  Point,, 
be  the  fame  *. 

Let  there  be  the  Rays  B  A,  B  A,  proceeding  from  the  fame  diftant 
Point,  and  paffing  through  the  Objedt  Glafe  V,  in  the  Margin  of  the 
Aperture  ;  the  Diameter  of  the  Spot  in  the  Image  in  the  Telefcope  increafes, 
as  the  Difperlion  of  thefe  Rays,  that  is,  as  the  Angle  /A/,  and  as  the  P- 103.  F.6, 
Diftance  VF,  which  is  the  Length  of  the  Telefcope  *.  The  Angle  fAf*  32 15. 
is  in  the  Ratio  of  the  Angle  AFY  f,  and  this  is,  as  to  Senfe,  in  the  diredt  +  32.22.. 
Ratio  of  the  Semidiameter  of  the  Aperture  V  A?  and  the  inverfe  Ratio  of 
the  Diftance  VF  •,  therefore  the  Ratios  being  join’d  ff  is  in  the  diredt 
Ratio  of  the  Length  VF,  and  the  Semi-diameter,  or  whole  Diameter  *,  *15.  El.  3, 
of  the  Aperture ,  and  laftly  the  inverfe  Ratio  of  the  fame  Length  ;  the  firfi 
and  third  of  thefe  mutually  deftroy  each  other,  and  only  the  middle  one 
remains. 

The  Pidture  of  the  Diameter  of  the  Spot  in  the  Eye  is  in  the  diredt  3 2  34- 

Ratio  of  the  Diameter  of  the  Spot  in  the  Image  *,  that  is,  of  the  Dia-  *  3 1  §5. 
meter  of  the  Aperture  j~,  and  the  inverfe  Ratio  of  the  Diftance  of  the  +  32 33.' 
Focus  of  parallel  Rays  of  the  Eye  Glafs  ||,  j|  3152.3197, 

Therefore,  as  thefe  Ratios  mutually  deftroy  one  another,  the  Pidture 
of  the  Spot  is  not  alter’d,  and  the  Point  through  all  the  Telefcopes, 
made  according  to  the  Rule,  appears  equally  diftindt. 
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CHAP.  XIII. 

Of  the  RefleSHon  of  Lights  and  the  Law  of  it. 

WE  have  fhewn  that  Light  is  reflected  from  opaque  Bodies, 
and  that  every  Point  reflects  it  every  Way  *.  The  Occa- 
fion  of  this  is  the  Inequality  of  the  Surfaces,  which  are  made  up  of 
an  innumerable  Quantity  of  fmall  Planes,  which,  in  all  fenfible 
Points,  are  directed  every  Way;  which  will  be  eafily  conceiv’d,  if 
we  imagine  a  Surface  cover’d  with  an  innumerable  Quantity  of  fmall 
Hemifpheres.  That  this  is  true  we  deduce  from  the  Reflection  of 
Light  from  a  polijh'd  Surface ;  that  is,  from  a  Surface  whofe  Ine¬ 
qualities  are  taken  off ;  which  in  all  it's  Points  reflects  the  Light  only 
one  Way ,  which  obtains  in  curve  as  well  as  in  plane  Surfaces :  Nay, 
from  Surfaces  that  are  not  at  all  polifhed,  the  Light  is  moftly  re¬ 
flected  that  Way,  that  it  would  be  all  reflected  if  they  were  polifh¬ 
ed,  as  daily  Experience  (hews. 

Let  AC  be  a  Ray  of  Light  coming  obliquely  upon  a  plane  Sur¬ 
face  ;  let  C  O  be  perpendicular  to  this  Surface,  and  the  Rays  be 
reflected  along  C  B. 

Definition  i. 

Phe  Ray  C  B  is  call'd  the  reflected  Ray. 

The  Angle  O  C  B  is  call’d  the  Angle  of  Reflection 
Phe  reflected  Ray  is,  together  with  the  incident  Ray ,  in  the  fame  Plane 
which  is  perpendicular  to  the  reflecting  Plane. 

For  the  Action  of  this  Plane ,  by  which  the  Light  is  reflected ,  is 
directed  perpendicularly  to  the  reflecting  Plane ,  which  is  fuppofed 
alike  in  all  Points. 

j The  Angle  of  Reflection  is  equal  to  the  Angle  of  Incidence . 
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Experiment  i  . 

Let  there  be  in  the  Dark  the  plane  Mirror  S,  which  is  fnppotted 
by  a  Stand  in  fuch  Manner,  that  it  may  be  plac’d  as  you  pleafe  *  • 
through  a  Hole  in  the  metallic  Plate  L,  which  is  fix’d  in  a  Win¬ 
dow,  a  Ray  of  the  Sun,  of  the  Diameter  of  about  a  Quarter  of  an 
Inch,  is  let  into  a  Chamber ;  the  Mirror  is  fo  plac’d,  that  the  Ray 
may  pafs  through  a  cylindric  oblique  Cavity,  (whofe  Diameter  is 
equal  to  that  of  the  Ray,)  in  the  Board  T :  If  this  be  tranfpos’d, 
the  reflected  Ray  will  pafs  through  the  fame  Cavity.  This  holds 
good  whatever  the  Inclination  of  the  Cavity  be,  as  may  be  demon- 
ftrated  by  ufing  different  Boards. 

By  which  Experiment  is  alfo  manifeft,  what  was  faid  in  N.  3235, 
of  the  Surfaces  of  Bodies. 

If  the  reflected  Ray  becomes  the  incident  Ray  ;  that  is,  if  the  Light 

comes  along  the  Line  BC,  it  will  return  in  the  Line  C  A,  that  is, 
the  jirjl  that  was  the  incident  Ray  will  become  the  reflected  Ray  ;  as 
appears  from  the  Equality  of  the  Angles  B  C  O,  OCA. 

From  this  Equality  of  the  Angles  of  Incidence  and  Reflexion, 
we  farther  deduce,  that  the  Light ,  after  it  has  fallen  upon  a  Body , 
recedes  from  it  with  the  fame  Force  that  it  came  upon  it.  Let  the  Mo¬ 
tion  along  A  C  be  refolved  into  two  Motions  along  A O  and  OC* 
fuppofing  AO  parallel  to  the  reflecting  Plane,  and  O  C  perpendicular 
to  it.  Let  A  O  be  continued  ;  the- Motion  in  that  Direction  is  not 
alter’d  from  the  Action  of  the  Plane :  therefore  let  A  O  and  O  B 
be  equal ;  if  the  Light  recedes  from  the  Plane  with  the  fame  Force, 
with  which  it  came  upon  it,  the  Motion  occafion’d  by  the  Repul- 
fion  is  reprefented  by  C  O,  and  in  that  Cafe  the  reflected  Ray  goes 
through  B  *  ;  that  is,  the  Angle  O  C  B  is  equal  to  the  Angle  OCA, 
which  agrees  with  the  Experiment. 

As  to  the  Reflexion  of  Light,  it  is  to  be  obferv’d,  that  Light 
does  not  run  againfi  the  folid  Part  of  Bodies ,  when  it  is  reflected  by 
them  ;  but  that  it  is  reflected  in  thofe  Places ,  where  it  could  very  freely 
pafs .  I  fhall  prove  this  by  feveral  Experiments,  by  which  many 
other  wonderful  Properties  of  Reflexion  are  difcover’d. 

It  is  a  common  Experiment  obferv’d  by  every  Body,  that  when 
Light  is  mov’d  through  any  Medium;  as  for  Example,  Glufs,  324^, 
Water,  or  Air,  it  does  not  undergo  a  fenfible  and  regular  Reflexion.; 
but  that  it  is  reflected  there,  where  two  Mediums  of  different  Denfity 
are  feparated ;  fo  it  is  reflected  in  the  Surface  of  Water  or  Glafs, 
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Can  Light  in  fuch  Quantity  ftrike  againft  the  Particles  of  the  Me¬ 
diums  juft  where  they  are  feparated,  where  as  it  moves  along  both 
the  Mediums  for  a  great  Space,  without  ftriking  againft  any  fuch 
Particles  ?  Is  there  a  greater  Number  of  fuch  Particles  near  the  Sur* 
face  than  elfewhere  ? 

Light  alfo  is  more  abundantly  reflected  in  a  more  refraBing  Medium , 
when  it  comes  againfl  the  Surface  of  a  lefs  refraBing  one ;  than  when 
on  the  contrary ,  moving  in  a  lefs  refraBing  Medium ,  it  frikes  againft 
the  Surface  of  a  more  refraBing  one . 

Experiment  2. 

W e  make  ufe  of  the  triangular  Glafs  Prifm  as  A  B,.  whofe  Bafes 
are  ftrengthen’d  with  Copper  Plates  to  which  Points  cohere,  that 
die  Prifm  may  be  turn’d  about  it’s  Axis. 

We  put  the  Axes  into  Incifions  in  the  Edges  of  the  fmaller  Sides 
of  the  Box  E  F.  The  Light  enters  through  an  Hole  in  the  Plate 
L  into  a  dark  Place,  and  goes  into  the  Prifm  ;  if  the  Light  in  the 
Prifm  makes  the  Angle  of  Incidence  greater  than  40  Degrees,  it  is 
wholly  reflected,  and  none  of  it  goes  into  the  Air  ;  but  the  Light 
in  the  Air  is  never  wholly  reflected  by  the  Glafs. 

But  if  the  Reflexion  be  made  by  the  ftriking  of  Light  againft 
the  folid  Part&  of  Bodies,  there  muft  be  more  fuch  Parts  in  Air 
than  in  Glafs ;  for  if  Light  was  reflected  from  the  Glafs  itfelf  into  the 
Air,  the  Light  would  never  come  to  the  Separation  of  the  Mediums;, 
that  the  Light  can  alfo  go  out  of  Glafs  in  the  very  Places,  where 
it  is  reflected,  is  prov’d  by  the  following  Experiments.  Therefore 
near  the  Glafs  there  muft  be  fo  many  Parts  in  the  Air,  that  there 
may  be  no  Way  for  the  Pafifage  of  the  Light  to  caufe  it  to  be  wholly 
reflected  into  the  Glafs :  yet  it  does  appear  that  there  are  not  fuch ; 
becaufe  the  Light  came  to  the  Glafs  through  the  Air  in  all  Dire&ions^ 
and  enter’d  into  it.  Alfo  in  the  fame  Part  of  the  Surface,  feparating 
the  Glafs  and  Air,  the  Light  coming  from  one  Side  is  reflected, 
v/hilft  that,  which  came  from  the  oppofite  Side  is  tranfmitted.  Which 
dearly  proves  that  the  Light  is  there  reflected,  where  it  can  pafs 
through. 

Experiment  y. 

The  fame  Things  being  given,  which  were  in  the  foregoing  Ex¬ 
periment,  if  the  Obliquity  of  the  Light  be  diminifh’d,  this  will  in 
part  pafs  into  the  Air. 

Who  can  conceive  that  the  Light,  which  pafles  out  of  the  Glafs 
into  the  Air,  and  does  not  ftrike  againft  folid  Parts,  Ihould*  if  the 
Obliquity  be  a  little  increafed,  all  of  it  ftrike  againft  fuch  Parts ; 
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fince  in  each  Medium  there  is  a  Pafiage  for  it  in  every  Direction,  as 
has  been  faid  ? 

Experiment  4. 

The  Prifm  being  plac’d,  as  in  the  laft  Experiment turn  it  {lowly,  3  2  54 . 

'till  it  reflects  all  the  Light,  as  in  the  fecond  Experiment  *  ;  then  Plate  1 04. 
the  Angle  of  Incidence  of  the  Light,  falling  upon  the  lower  Sur-  Fig.  4. 
face  of  the  Prifm,  is  about  40  Degrees.  The  Prifm  muft  be  fix’d  *  3249» 
in  this  Pofition  by  Means  of  the  Screw  C.  Now  if  Water  be 
pour’d  into  the  Box,  at  the  Moment,  when  the  Water  touches  the 
Glafs,  the  Light  enters  into  it  in  great  Plenty. 

The  Experiment  anfwers  in  the  fame  manner,  though  the  laid 
Angle  of  Incidence  exceeds  40  Degrees.  So  that  it  does  not  exceed 
60  Degrees.  But  it  is  the  more  lenfible,  the  fmaller  this  Angle  be¬ 
twixt  the  faid  Limits  is. 

This  Experiment  does  not  agree  with  the  Reflexion,  arifing  from 
the  linking  againft  the  folid  Parts. 

In  the  following  Part  of  this  Book  we  fhall  alfo  fee,  that  thin  32  54. 
Plates,  which  refledl  Light,  do  tranfmit  it,  if  they  become  thicker. 

This  Experiment  alfo  proves,  that  the  reflecting  Force  is  the  greater ,  3255. 

the  greater  the  Refraction  in  the  reflecting  Surface  is ;  for  Glafs  and 
Air  differ  more  in  their  refradling  Force,  than  Glafs  and  Water  do. 

From  this  Experiment  we  alfo  deduce,  that  the  Reflexion  is  made  3256. 
from  the  fame  Force ,  by  which  the  Rays  are  refracted  >  which  in  dif¬ 
ferent  Circuntflances  produces  different  Effects . 

A  Ray,  which  paifes  out  of  a  fnore  refradling  Medium  into  a  3257. 
lefs  refradling  one,  recedes  from  the  Perpendicular  by  Means  of  the 
Attradlion  of  that  Medium*;  if  the  Obliquity  of  the  incident  *  2782« 
Ray  be  increafed,  the  Obliquity  of  the  refradled  Ray  is  increafed 
alfo,  ’till  at  laft  this  moves  in  the  Surface  itfelf,  that  feparates  the 
Mediums.  Which  obtains,  when  the  Sine  of  the  Angle  of  Inci¬ 
dence  is  to  the  whole  Sine,  as  the  Sine  of  Incidence,  in  the  firft 
Medium,  is  to  the  Sine  of  Refradl  ion  in  the  fecond ;  for  in  this  Cafe 
the  Angle  of  Refradlion-  is  a  Right  one.  If  the  Obliquity,  of  the 
incident  Ray  be  further  increafed,  it  is  manifeft  that  the  Ray  cannot 
penetrate  into  the  lefs  refradting  Medium  ;  this  is  the  Cafe,  in  which 
all  the  Light  is  refledled ;  which  Reflexion  depends  upon  the  At- 
tradlion  with  which  the  Rays  are  refradled. 

Let  E  F  be  the  Surface  feparating  the  more  refradling  Medium  X  Plate  1 04, 
from  the  lefs  refradling  one  Z  ;  let  us  fuppofe  the  Space  of  Attradli-  Fig.  5. 
on  *  to  be  terminated  by  the  Surfaces  G  H,  IL$  if  a  Rav,  as  AB,  *  2806. 
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be  fufficiently  bent  by  the  Attraction  of  the  Medium  X,  fo  that, 
before  it  fhall  have  paffed  through  the  whole  Space  of  Attraction, 
the  Tangent  to  the  Curve  be  parallel  to  the  Surface  feparating  the 
Mediums,  the  Curve  being  continued  goes  back 3  and  therefore  the 
Ray  is  reflected  along  C  D,  from  the  Attraction  of  the  Medium, 
whole  Action  upon  the  Light  overcomes  the  oppofite  one.  This 
Continuation  of  the  Curve  is  ilmilar,  and  equal  to  the  firft  Portion, 
and  makes  the  Angle  of  Reflexion  equal  to  the  Angle  of  Incidence; 
becaufe  the  Light  returns  along  the  fame  Part  of  the  Space  of  At¬ 
traction,  and  the  fame  attracting  Forces  act  upon  the  Light  in  cor- 
refponding  Points  of  the  Portions  of  the  Curve.  Thus  a  Body 
projected,  defcribes  fimilar  and  equal  Curves,  in  it's  Afcent  and 
Delcent, 

Now  as  the  Reflexion  of  the  Light,  in  this  Cafe,  is  plainly  to  be 
attributed  to  the  Caufe  of  Refraction,  who  can  imagine,  when  the 
Inclination  is  diminifhed,  fo  that  the  Ray  in  part  pafles  through, 
that  another  Caufe  is  to  be  fought  *  ? 

Neverthelefs  it  is  manifefl  that  all  Reflexion  does  not  depend  upon 
this  At  tr  a  ft  ion  in  the  fame  manner 3  for  in  that  Cafe  in  which  the 
Refraction  is  given,  the  Light  is  in  part  reflected 3  the  Light  does 
not  indeed  wholly  pafs  out  of  the  lefs  refracting  into  the  more  re¬ 
fracting  Medium  3  for  in  this  Cafe  alfo,  in  which  the  Attraction  is 
moil  oppofed  to  the  Reflexion,  fome  Rays  are  reflected ;  which 
Effect  muft  be  attributed  to  the  Repulfion,  which  we  have  alfo 
found  to  act  where  there  is  Attraction  *. 

From  all  this  it  follows  that  the  Reflexion  in  every  Cafe ,  has  a 
Relation  to  the  ref  rafting  Force. 

Therefore  where  Light  pafles  without  Refraftiony  there  it  is  not 
reflefted  *  3  hut  where  the  Refraftion  is  greateji,  there  alfo  the  Reflexi¬ 
on  is flronger  -f* 3  the  Light  being  fuppofed  in  the  Air,  the  Surface 
of  the  Glafs  reflects  more  flrongly,  than  that  of  the  Water  3  and 
the  Surface  of  Diamond  flill  flronger.  The  Glafs  and  Diamond 
being  immerged  in  Water,  in  the  Separation  of  thefe  Bodies  by  the 
Water  the  refracting  Force  is  lefs,  than  the  Air,  and  of  the  fame 
Bodies  :  Thefe  Bodies  alfo  reflect  Light  left  flrongly  in  Water,  than 
in  Air.  If  Light  moves  in  Glafs,  and  flrikes  againft  the  Surface  of 
Air,  it  is  all  reflected  at  a  lefs  Obliquity,  than  when  it  flrikes  againft 
the  Surface  of  Water*. 

From  what  has  been  hitherto  explained  concerning  Reflexion 
we  infer,  that  it  is  not  made  in  the  Surface  of  Bodies  3  but  that 
Li  At  is  rftl.fted  at  a  certain  Di  fiance  from  Bodies ,  in  the  fame 
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manner  as  the  refracting  Force  aCts  at  a  certain  Diflance  from  a 
Body ;  which  Propofition  we  can  alfo  deduce  from  the  Reflexion 
of  Light  from  Surfaces  made  fmooth  by  Art ;  for  it  has  been  obferv’d, 
that  Bodies y  that  are  made  fmooth  by  Art,  refledl  Light  regularly 
though  there  are  innumerable  Scratches  in  their  Surfaces :  For  they 
are  polifti’d  by  the  rubbing  of  Powders,  and  how  fmall  foever  thefe 
Particles  are,  they  leave  large  Scratches  on  the  Surface  with  regard 
to  Light ;  whence  the  Reflexion  in  the  Surface  muft  neceflarily  be 
irregular ;  but  if  we  conceive  the  Reflexion  to  be  made  at  a  fmall 
Diftance  from  the  Surface,  the  Irregularities  are  diminifh’d,  and  al- 
moft  wholly  taken  away  ;  as  is  eafily  perceiv’d  if  we  confider  the 
Matter. 

CHAP.  XIV. 

Of  plane  Mirrors. 

LET  be  be  the  Surface  of  a  plane  Mirror  •>  R  the  Radiant  3263', 

1  Point.  Let  the  Plane  of  the  Mirror  be  continued ,  and  let  Plate  1 04. 
down  to  it  the  Perpendicular  R  C  from  the  Radiant  R;  if  this  be  pig4  £a, 
continued ,  and  Cr  be  equal  CR,  r  will  be  the  Point  of  Difperfon 
of  the  reflected  Rays  coming  from  R. 

Let  Kb  be  the  incident  Ray;  bf  the  reflected  Ray  ;  let  this  be  3264. 
continued  beyond  the  Speculum ;  by  reafon  of  the  Angles  of  Inci¬ 
dence  and  Reflexion  being  equal  to  one  another  *,  the  Angles  *  3  24  r. 
KbC,  fb  d,  their  Complements  are  alfo  equal ;  to  this  the  oppo- 
fite  vertical  Angle  r  b  C  is  equal  £ :  The  right  angled  Triangles  +  13.  El.  r. 
KbC,  rbC  have  the  common  Side  C b,  and  the  Angles  C hr, 

C  b  R  equal ;  therefore  they  agree  in  every  filing,  and  C  R  and 
Cr  are  equal  to  one  another  *  ;  which  Demonftration  may  be  ap-  *  26  El,  j. 
plied  to  all  other  Rays,  proceeding  from  K,  in  what  Plane  foever 
perpendicular  to  the  Plane  of  the  Mirror,  they  be  conceiv’d.  There-v 
fore  wherefoever  a  Spectator  be,  if  the  reflected  Rays  come  to  him,, 
they  will  enter  his  Eyes,  as  if  they  came  from  r ;  and  the  Point 
R  will  appear  in  this  Point  ;  but  the  Appearance  of  this  Point  3265. 
has  the  fame  Poftion  with  regard  to  the  Mirror ,  behind  it,  which  the*  3  i  22. 
Radiant  Point  itfelf  has  before  it. 

Which  if  it  be  applied  to  all  Points  of  the  ObjeCt,  it  will  appear, 
that  the  Objedi  appears  behind  the  Mirror  in  that  Poftion,  which  it  3266» 
really  has  before  it. 


205 

3262« 


it 


20  6 

3z67* 


3268. 
^  29I7. 

3269. 


3270. 

*  3239. 

3271. 

*  324i- 

3272. 


3273- 

Plate  105 

Fig-  i- 

*  3272. 
J274. 


3275- 


Mathematical  Elements  Book  V. 

If  there  be  many  Mirrors,  and  the  Light  reflected  from  one, 
ftrikes  againft  another,  in  order  to  difcover  the  Place  in  which  the 
Objeft  appears,  we  have  the  Image  in  the  firft  Mirror  for  an  Object 
with  regard  to  the  fecond,  and  fo  of  the  others.  This  Rule  alone 
is  fufficient  to  explain  all  the  Phenomena  of  plain  Mirrors,  howfo- 
ever  combin’d. 

CHAR  XV. 

Of  convex  fpherical  Mirrors • 

EVERY  fpherical  Surface  may  be  confidered  as  made  up  of 
innumerable  fmall  Planes  *  $  and  a  Plane  touching  the  Sphere 
in  any  Point,  is,  as  it  were,  a  Continuation  of  fuch  a  fmall  Plane. 
Spherical  Mirrors  are  either  concave ,  or  convex. 

The  former  are  made  of  a  concave  polifhed  Portion  of  a  Sphere. 
And  the  latter  of  parts  of  Spheres  polifhed  on  the  outfide. 

A  Ray  fir  iking  upon  any  fpherical  Mirror ,  together  with  it's  re¬ 
flected  Ray ,  is  in  the  fame  Plane ,  which  Platte  being  continued ,  pajfes 
through  the  Center  of  the  Sphere  *,  for  fuch  a  Plane  is  perpendicular 
to  the  Surface  of  the  Sphere. 

A  'Line  which  is  drawn  through  the  Center  of  the  Sphere  and  Point 
of  Incidence ,  being  continued ,  makes  equal  Angles  with  the  incident  and 
reflected  Rays  *,  for  this  is  perpendicular  to  the  Surface,  and  thefe 
are  the  Angles  of  Incidence  and  Reflexion  :  Therefore  the  Ray  which 
pajfes  through  the  Center ,  or  which  being  continued  would  pafs  through 
the  Center ,  when  reflected^  returns  upon  it  felf. 

Let  R  be  the  radiant  Point ;  G  a  G  is  the  convex  Speculum ; 
C  the  Center  of  the  Sphere  ;  and  G  D  a  part  of  a  Section  of  the 
Sphere  continued :  Let  R  a,  R  b,  Rc,  R  d,  be  incident  Rays, 
when  refle&ed  they  will  be  a  R,  b  n>  c  m,  d  l 

If  from  the  Radiant  Point  R,  a  Pangent  be  drawn  to  the  Mirror ,  the 
reflected  Ray  will  be  the  Continuation  of  the  incident  Ray,  or  ra¬ 
ther  the  Reflexion  of  the  Rays  is  terminated  in  the  Point  of  ConfaCl. 

If  the  Rays  l  d^  i n  by  R  <?,  which  are  reflected  from  the  convex 
Mirror ,  be  continued  out ,  with  all  the  intermediate  ones,  their  In¬ 
to?  fell  ions  will  form  the  Curve  F  G,  which  all  thole  Rays  touch,  and 
the  adjacent  Rays  interfedf  one  another  in  the  Circumference  of  the 
Curve  itfelf  *  fo  that  they  always  enter  the  Eye  as  if  they  came  from 
dome  Point  of  the  Periphery ;  in  which  therefore  the  l?nage  of  the 
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Point  does  always  appear  *,  as  long  as  the  reflected  Rays  can  come  *  3122. 
to  the  Eye,  and  the  Eye  be  moved  in  the  Plane  going  through  the  3276. 
Center  of  the  Sphere .  But  when  the  Eye  is  removed  cut  of  that  Plane  y 
the  radiant  Point  appears  in  forne  other  Curve ,  becaufe  there  are  fuch 
Curves  in  every  Plane,  which  may  be  conceiv’d  to  pafs  through  the 
Line  RC. 

If  the  Eye  be  in  the  Line  dly  the  Point  f  of  the  Curve,  from  3  277,- 
which  the  Rays  feem  to  proceed,  is  determin’d  by  this  Proportion  : 

The  incident  Ray  R  d  is  continued  to  D  ;  the  Point  e  is  mark’d  in 
fuch  manner  that  de  may  be  equal  to  a  Quarter  of  the  Cord  dD ; 
and  R e  is  to  R  dy  as  de  is  to  df  Which  we  fhall  demonflrate  in 
the  following  Scholium. 

In  the  fame  Scholium  we  fhall  alfo  confider  the  Thing  more  ac-  3278^ 
eurately,  and  we  {hall  fee  that  all,  which  we  have  delivered  con¬ 
cerning  the  Tranflation  of  vifible  Points  through  the  Curves  men¬ 
tioned,  as  likewife  that  which  I  fhall  prefently  add,  belongs  to  other 
Curves  *  but  as  the  Confideration  of  thefe  fecond  Curves  is  intricate, 
and  as  our  Mind  rarely  refers  the  Point  itfelf  of  the  Object  to  the 
vifible  Point  *,  it  is  fufficient  to  confider  the  firft  Curves,  upon  *  3  1 24^ 
which  the  fecond  depend,  as  will  be  feen  in  the  faid  Scholium. 

If  the  Rays  be  direct,  that  is,  if  R^  be  given  amongft  them,.  3279. 
which  being  continued  would  pafs  through  C,  RE  and  RF  are 
in  the  lame  Line*,  and  aF  is  lefs  than  a  E  which  is  equal  to  a*  3272. 
Quarter  of  the  Diameter. 

Phe  Point  F  coincides  with  E  when  R  is  remov'd  \n  infinitum  \  for  3280. 
then  R  ay  RE,  mufl  be  look’d  upon  as  equal. 

Phe  Point  F  is,  of  all  the  Points  of  the  Curve ,  the  mofi  difiant from  328  1, 

the  Surface  of  the  Speculum . 

Now  any  radiant  Points  being  given,  all  the  Curves  of  thefe 
Points,  and  indeed  the  whole  Curves  are  within  the  Sphere ;  and 
therefore  all  the  Objects  appear  behind  the  Surface  of  the  Speculum.  3282 . 

If  the  Point  R  be  mov’d  about  the  Speculum,  the  whole  Curve  3283. 
G  F  G  is  carried  with  the  fame  Motion  5  therefore  as  the  Radiant 
afcends,  the  Reprefentation  afcends  alfo,  and  the  contrary  y  and  the  3284,. 
Objects  appear  erebl. 

How  great  foever  the  Space  taken  up  by  the  Obje&s  be,  the  Ap¬ 
pearances  are  inclofed  in  a  ftrait  Line  *.  Whence  it  follows  that  *-  3280. 
the  Objects  appear  diminifhed.  3285. 

If  the  Eye  be  mov'd,  the  Appearance  of  the  Objebt  is  alfo  mov'd ,  3286.« 

and  it's  Figure  chang'd :  For  all  the  Points  are  mov’d  in  their  own 
Curves,  and  that  unequally,  according  to  the  different  Situation  of 
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the  Eye  in  refped  of  each  Curve ;  whence  of  Neceffity  the  Figure 
muft  be  chang’d. 

Experiment. 

If  any  one  fees  his  Face  in  a  fpherical  convex  Mirror,  ftand^ 
ing  at  A,  he  will  fee  his  Face  ered  at  a ,  diminifh’d  and  unlike; 
by  the  Motion  of  the  Eye  one  may  obferve  the  other  things  men¬ 
tioned,  in  refped  to  fix’d  Objeds. 

SCHOLIUM  I. 

^'ke  Demonjlration  of  the  Rule  deliver'd  in  N.  3277,  whereby  the 

Appearance  of  a  Point  is  determin'd. 

LE  T  there  be  the  incident  Rays  R  A,  R  which  we  conceive  to  be 
continued,  as  far  as  D,  d ;  and  AD  is  =  4  A  E.  And  let  there  be 
the  reflected  Rays  A  I,  a  /,  which  being  continued  backwards  to  A  B,  a  b9 
mutually  interfed  one  another  at  F.  The  Angle  A  R  a  being  fuppofed 
very  fmall,  F  is  fought. 

RA,  Ra  :  :  R  d^  RD  *. 

Therefore  the  Triangles  RA^,  RD d  are  fimilar  -f  ;  and 
D^,  A  a  :  :  RD,  Ra  or  RA; 
for  thefe  are  taken  as  equal,  by  reafon  of  the  fmall  Angle  DRi. 

By  Compof.  Dd-fAa,  A  a  :  :  RD  +  RA,  RA. 

In  the  fame  manner  FA,  Fa  :  :  F  F  B  *  ; 

And  the  Triangles  FA/?,  F  B  b  are  fimilar  f  ;  and 

B  by  A  a  :  :  F  B,  F/?  or  FA. 

ByDivif.  Bb —  Aa^  Aa  :  :  FB— FA,  FA. 

By  reafon  that  the  Angles  of  Reflexion  are  equal  to  the  Angles  of 
Incidence  *,  DAC,  BAC  are  alfo  equal,  as  alio  da  C  and  ba  Cf; 
wherefore  the  Chords  AD,  AB,  and  ady  ab  are  equal;  therefore 
AD—  ad  ~AB —  ab  ;  that  is,  Aa-\-F)d  —  Bb — -A  a-,  and  the  firft 
Ratios  of  the  Proportions  deliver’d  above  *  agree. 

Therefore  RD  +  RA,  RA  :  :  FB  —  FA,  FA. 

By  Compof.  RD  -f-  2RA,  RA  :  :  FB,  FA. 

By  Comp,  and  Altem.  RD  +  3RA,  AB  :  :  RA,  FA. 

But  RD  3R A  —  4R A4-4AE  =  4RE,  and  AB  ADr=r4AE; 

Therefore  4 RE,  4  AE  :  :  RE,  AE  :  :  RA,  FA. 
According  to  the  Rule,  which  is  deliver’d  in  the  faid  N.  327 7. 

If  we  conceive  the  Lines  RA,  Ra  to  revolve  about  RC,  the  Angles 
ARC,  </zRC  remaining,  the  Point  F  will  defcribe  a  Circle  and  it  is  ma> 
nifeft  that  only  thofe  Rays,  which  are  in  the  Plane  of  the  Figure,  meet 
at  F  :  If,  therefore,  the  Rays  proceeding  from  R  make  a  Cone  or  Pyra¬ 
mid,  the  Rays,  how  little  foever  difpeded,  don’t  meet  in  one  Point,  but 

by 
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by  mutual  Interfedions  make  a  fmall  Portion  of  the  faid  Circle,  mamely 
a  fmall  Line  perpendicular  to  the  Plane  of  the  Figure  at  F.  The  fame 
Rays  alfo  pafs  all  along  the  fmall  Line  L  /,  fo  that  what  obtain’d  in  the  re¬ 
fracted  Rays*,  takes  Place  here,  in  the  imaginary  Interfedions  of  the  Rays  *2901, 2987, 
produc’d  backwards.  Whence  it  follows,  if  we  confider  the  Thing  ac¬ 
curately,  that  the  Point  F  is  not  a  vifible  Point  * ;  but  that  the  fquare  *  3122. 
Spot  is  to  be  look’d  upon  as  fuch,  as  has  been  mention’d  above  -f.  The  -f  290. 
Place  Q  of  this  Spot,  if  we  confider  the  Rays,  which  go  diredly  through 
the  Pupil  into  the  Eye,  is  determin’d,  if  in  the  Line  AL,  in  which  the 
Point  F  is  now  given,  the  Point  QF>e  determin’d  in  fuch  manner,  that 
the  Line  may  be  divided  harmonically  *,  that  is,  that  L  A,  L  Qj  :  AF, 

FCL  A  P  being  drawn  through  A,  parallel  to  R  C  ;  draw  through  P, 
taken  at  Pleafure  P  F,  which  cuts  R  C  at  S  •,  L  S  being  divided  into 
equal  Parts  at  s,  the  Line  Ps  will  determine  the  Point  Q. 

But  all  this  is  of  no  Ufe  in  explaining  Phenomena*.  Therefore  it  is  3293. 
fufficient  to  have  explain’d  what  relates  to  the  Curves,  palling  through*  3 124. 
Points  as  F,  negleding  the  fecond  Curves,  which  pafs  through  Points  as 
Q ;  this  we  know,  that  the  Appearances  are  chang’d  with  the  Points,  as 
F  and  Q,  which  are  always  chang’d  together  :  For  which  realon,  in  the 
following  Chapter  I  fhall  only  confider  the  firft  Curves. 

When  incident  Rays,  a  little  difperfed,  are  dire#,  that  is,  if  among  329T 
thefe  there  be  a  Ray,  which  continued  would  pafs  through  C,  the  Points 
F,  Q,  and  L  coincide. 


CHAP.  XVI. 


Of  fpherical  concave  Mirrors . 


WHEN  we  confider  Objeds,  feen  by  Rays  refleded  from 
a  Mirror,  it  is  needlefs  to  treat  feparately  of  dired  and 
oblique  Rays;  becaufe,  whilft  fome  few  Points  of  an  Objed  are 
feen  by  dired  Rays,  all  the  reft  are  feen  by  oblique  Rays.  For 
this  reafon  in  the  laft  Chapter  I  did  not  treat  feparately  of  dired 
Rays ;  but  as  other  Phenomena  alfo  are  to  be  explain’d  in  this 
Chapter,  which  depend  upon  dired  Rays,  I  fhall  treat  of  thefe 
firft. 


3295* 


o  ■ 


Let  there  be  a  concave  Speculum  BD,  C  is  the  Center  of  the  3  2 96. 
Sphere;  let  dir  eft  parallel  Rays  fall  upon  the  Surface  oj  the  Mirror ,  Plate  105. 
among  which  is  C  D  pafling  through  the  Center ;  by  Reflexion  Fig.  4. 
this  returns  upon  itfelf  and  the  neighbouring  Rays,  being  ref  eft  ed  *  3272« 
converge,  and  met  with  it  at  the  Focus  F,  the  middle  Point  betwixt 
D  and  C. 


Vox. 
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Let  A  B  be  a  Ray  at  a  fmall  Diftance  from  C  D,  draw  the  Semi- 
diameter  C  B ;  the  Angle  of  Incidence  will  be  ABC,  to  which 
*  3271.  the  Angle  of  Reflexion  CBF  is  equal  *,  as  alfo  the  alternate  An- 
-f-29.EL1.gle  BCFf;  therefore  BFC  is  an  Ifofceles  Triangle,  and  the 
J  6.  El.  1.  Sides  F  C  and  F  B  are  equal  By  reafon  of  the  fmall  Arch  BD, 
FD  and  FB  do  not  fenflbly  differ  ;  therefore  FC  and  FD  are  equal : 
Which  Demonftration  agrees  to  all  the  Rays  at  a  fmall  Diftance 
from  C  D. 

3298.  If  the  parallel  Rays  be  at  a  greater  Diftance  from  CD,  they 
will  not  meet  at  F ;  but  they  all  meet  in  a  fmall  Circle,  whofe 
Diameter  depends  upon  the  Magnitude  of  the  Mirror. 

3299.  The  Rays  which  come  from  any  Point  of  the  Sun,  fall  parallel. 
Plate  106.  upon  the  Mirror;  and  if  they  be  a  little  difpers’d,  they  meet  in  a 
Fig.  7.  Point  in  that  Ray,  which  paffes  trirough  the  Center  of  the  Sphere. 

If  D  A  and  E  B  be  Rays  proceeding  from  the  Extremities  of  the 
Diameter  of  the  Sun,  thefe  being  reflected  meet  at  a  and  b  with 
all  the  others,  proceeding  from  the  fame  Points  of  the  Sun,  and 
reflected  from  the  Mirror.  If  thefe  fall  upon  a  Plane,  they  will 
give  the  Images  of  the  faid  Points  at  a  and  b ,  and  we  have  the 
Image  of  the  whole  Sun  in  the  fame  manner,  and  the  Line  a  b  is 
the  Reprefentation  of  the  Diameter. 

As  in  this  Image,  a  great  Plenty  of  the  Sun’s  Rays  is  colleded 
*3051.  in  a  fmall  Space,  we  have  the  fame  Effed  as  in  Burning  Glajfes  *  ; 

3300.  and  concave  Mirrors  are  Burning  Glajjes ,  which  for  the  mo  ft  part 
~ burn  Bodies  more  violently  than  Glajfes ;  becaufe  they  may  eafily  ex¬ 
ceed  Glafles  in  Magnitude. 

3301.  When  the  Diameter  of  a  Mirror  is  fmall,  for  Example,  not  ex¬ 
ceeding  fix  Degrees,  the  Image  of  the  Sun  is  diftind,  and  all  the 
Rays,  reflected  from  the  Speculum,  pafs  through  it;  then  the 
fmall  Line  a  b,  which  is  the  Diameter  of  the  Place,  where  the 
Combuftionis,  is  lefs  than  the  hundredth  part  of  the  Diftance  A  ar 
or  B  by  as  will  be  feen  in  the  firft  Scholium  following. 

3302.  If  the  Mirror  be  inlarg’d,  the  Image  becomes  imperfed,  and 
by  this  the  Diameter  of  it  is  increafed ;  but  the  Effed  of  the  Mirror 
is  increafed  by  this  Dilatation,  becaufe  the  Number  of  Rays  pafting 

•  3  3  0 3  •  between  a  and  b  is  increafed.  But  it  is  needlefs  to  increafe  the  Mir¬ 
ror  in  fuch  manner,  that  the  Arch  L  M,  which  determines  the 
Diameter  of  the  Mirror,  may  exceed  five  Degrees;  for  the  Mirror 
being  fo  order’d,  that  a  b  may  anfvver  to  the  Center  of  it,  none  of 
thofe  Rays,  which  would  ftrike  againft  the  Mirror  beyond  M  and  L 
can  come  to  the  Image  a,  by  and  increafe  the  Eflfed  of  the  Mirror, 


i 


Chap.  1 6.  of  Natural Philofophy.  zi  i 

if  the  Diameter  of  the  Mirror  fliould  exceed  the  faid  Meafure  of 
twenty  five  Degrees. 

Experiment  i. 

Let  there  be  a  concave  Speculum  S  made  of  Metal,  or  Glafs,  that  3304. 
has  Quickfilver  upon  the  back ‘part  of  it.  This  is  fupported  by  two  Plate  109 
Pillars  A  B,  A  B,  between  which  it  is  inclined  as  you  pleafe,  thefe  Fig.  4. 
are  in  a  tranfverfe  piece  of  Wood  a  a,  which  is  put  upon  the  Stand 
P,  and  is  moveable  about  an  Axis  going  into  the  Stand  itfelf. 

The  Mirror  is  expofed  to  the  Sun  Rays  in  fuch  manner  that  the 
Rays  which  come  to  the  middle  Point  of  the  Mirror  may  be  per¬ 
pendicular  to  the  Surface  of  it  5  as  all  the  other  are  parallel  to  this, 
they  are  cotledted  ill  the  Image  of  the  Sun,  at  a  Diftance  from  the 
Mirror  equal  to  a  Quarter  of  the  Diameter  of  the  Sphere,  and 
there  burn  violently. 

If  the  Diameter  of  the  Surface  of  the  Mirror  be  as  in  mine, 
about  fifteen  Inches,  and  the  Focus  be  at  the  Diftance  of  a  Foot 
and  half,  Wood  is  immediately  fet  on  Fire,  and  thin  Plates  of  Lead 
are  melted  in  a  fhort  Time. 

If  two  fuch  Mirrors  be  placed  vertically,  in  fuch  manner,  that 
the  Line,  which  pafles  through  the  Centers  of  both,  may  pafs  through 
the  Center  of  the  Spheres,  we  may  extend  the  Action  of  a  burning 
Coal  to  a  great  Diftance. 

Let  the  Diftance  between  the  Mirror  be  twenty  Feet,  and  a 
Burning  Glafs  plac’d  in  the  Focus  of  parallel  Rays  in  the  faid  Line, 
let  Gunpowder  be  placed  in  the  Focus  of  the  other  Mirror  in  the 
fame  Line ;  if  you  make  the  Coal  burn  fiercer  with  a  Pair  of  Bellows, 
the  Gunpowder  will  be  fet  on  Fire ;  for  by  the  fecond  Reflexion 
the  Rays  are  collected,  which  after  the  firft  are  parallel.  For  when 
the  Focus ,  in  which  the  parallel  Rays  are  collected  by  the  concave  Spe¬ 
culum ,  becomes  the  radiant  "Point ,  the  Rays  being  a  little  dijperfed , 
are  reflected  parallel  to  one"  another  *. 

What  has  been  Jaid  ^  concerning  parallel  Rays  a  little  dijperfed , 
and  direcl ,  may  alfo  be  apply' d  to  oblique  Rays.  For  if  there  be  fuch  Plate  105. 
Rays  DA,  d  a,  thefe  being  reflected  mutually,  interfeci  one  another  Fig.  6. 
atF  in  fuch  manner,  that  AF  may  be  equal  to  a  Quarter  of  the  ■f*  3 2 96. 
Cord  A  B  *,  which  follows  from  the  Propofition  which  will  be  pre- 
fently  deliver’d  and  demonftrated  in  the  following  Scholium. 

Hence  we  deduce  a  Method  of  reprefe'nting  Objects  in  a  dark 
Place,  like  that  mention’d  before,  by  making  ufe  of  a  convex 
Lenfe 
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Plate  106.  Let  there  be  a  Hole  F  in  a  Wall ;  let  ab  be  a  concave  Specu- 
Fig.  j.  lum,  fo  plac’d,  that  the  Rays  palling  through  F,  and  which  are 
perpendicular  to  the  Wall,  may  be  diredt,  and  if  they  are  parallel, 
they  may  after  Reflexion  be  collected  in  the  Center  of  the  Hole : 
The  Rays  which  being  reflected  from  Objedts  mutually  interfedt 
one  another  in  this  Center,  are  °  refledted  perpendicular  to  the 
Wall  *. 

Let  A  F  be  Rays  proceeding  from  a  Point  of  a  diftant  Objedf, 
which  we  look  upon  as  parallel  by  reafon  of  the  Diftance  of  the 
Point ;  among  thefe,  that  which  paflfes  through  the  Center  of  the 
Hole  is  refledted  from  the  Mirror  perpendicular  to  the  Wall  *,  and 
together  with  this  the  reft  of  the  Rays  proceeding  from  the  fame 
Point,  are  colledted  at  ,  where  the  Reprefentation  of  the  Point  is 
In  the  fame  manner  the  Rays  along  B  F  proceeding  from  another 
Point,  are  colledted  at  b ;  which  as  it  obtains  in  Refpedt  to  all 
the  Points  of  the  Objedt,  they  have  all  their  Focufles ;  but  all  thefe 
Focufles,  as  far  as  can  be  perceived,  fall  upon  the  Surface  itfelf  of 
the  Wall  *,  and  there  give  the  Pidture  of  the  Objedt. 


* 


* 


33°6- 
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* 


33°7* 


Experiment  2. 


33°9* 


Fig.  2. 


In  a  dark  Place  the  Window  is  cover’d  with  the  white  Paper  A 
Plate  106.  in  the  Middle  of  which  is  the  Hole  F,  whofe  Diameter  is  fome- 
what  greater  than  half  an  Inch,  and  which  agrees  to  the  Hole  in  the 
Window,  to  which  various  Objedts  illuminated  by  the  Sun  anfwer 
at  the  Diftance  of  at  leaft  fifty  Feet ;  the  concave  Mirror  S,  the 
Diameter  of  whofe  Surface  is  fifteen  Inches,  and  which  colledts  pa¬ 
rallel  Rays  at  the  Diftance  of  eighteen  Inches,  is  plac’d,  at  this  Di¬ 
ftance  from  the  Window,  in  fuch  manner  that  a  Line,  paffing 
through  the  Center  of  the  Hole,  and  the  Center  of  the  Surface  of 
the  Mirror,  may  be  perpendicular  to  the  Plane  of  the  Paper  and 
the  Surface  of  the  Mirror,,  then  the  Objedts  are  reprefented  above 
the  Paper  in  a  Circle  concentrick  with  the  Hole,  and  whofe  Dia¬ 
meter  fcarce  differs  from  the  Diameter  of  the  Mirror.  A  hollow’d 
truncated  Cone  is  join’d  to  the  Hole  without  the  Chamber,  to  in¬ 
clude  the  Light  which  does  not  come  from  the  Qbjedts>  to  be  repre¬ 
fented  *. 

Something  like  this  we  demonftrate  with  regard  to  near  Objedts. 
Plate  1 07.  Let  R  be  the  Radiant  Point,  RC^a  Ray  running  diredtly  againft 
Fig.  j.  the  concave  Mirror  L  M,  the  Center  of  whofe  Sphere  is  C;  this 
is  refledted  along  a  C,  and  the  neighbouring  ones  proceeding  from 
•  R  as  R  b  meet  with  it  aty,,  which  Point,  as  we  demonftrate  in  the 
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Scholium,  is  found  by  this  Proportion  :•  Let  e  be  the  Focus  of  pa¬ 
rallel  Rays  *,  as  R^  is  to  R  a,  fo  is  a  e  to  aj ;  if  f  becomes  the  *  3297. 
Radiant,  R  will  be  the  Focus,  which  is  found  in  the  fame  man¬ 
ner  ;  for  from  that  Proportion  we  deduce  this,  f e  is  to  fa  as  a  e 
is  to  a  R.  If  there  be  many  radiant  Points,  every  one  will  have 
it’s  Focus,  and  by  Means  of  them  an  Object  may  be  reprefented. 

Let  C  be  the  Center  of  the  concave  Speculum  M  L  and  A  B  3311. 
a  lucid  Body,  which  is  at  a  lefs  Diftance  from  the  Speculum  than  Plate  1  o6> 
from  the  Center  C,  the  Ray  A  d,  which  is  perpendicular  to  the  Fig.  3  . 
Speculum,  is  reflected  along  d  AC  a,  and  has  it’s  Focus  at  a.  We 
reafon  in  the  fame  manner  concerning  the  other  Points  of  the  lucid 
Body,  an  inverfe  Image  of  which  is  made  at  a  b . 

Experiment  3. 

The  concave  Speculum  S  being  put  into  a  vertical  Pofition,  let  331 2r 
the  Flame  of  a  Candle  be  placed  between  the  Center  of  the  Sphere  Plate  106. 
and  the  Focus  of  parallel  Rays  at  F  5  if  diredt  Rays  coming  from  Fig.  4, 
the  Flame,  being  reflected  from  the  Speculum,  fall  directly  upon 
the  white  Plane  P,  placed  at  a  juft  Diftance  beyond  the  Center, 
the  Picture  of  the  Flame  will  be  inverted. 

The  Diftance  of  the  Plane  from  the  Speculum  Is  the  lefs,  the 
greater  the  Diftance  of  the  Flame  from  the  Speculum  is  *. 

If  the  Surface  of  the  Speculum  be  fmall,  the  Reprefentation  is 
accurate,  that  is  circular ;  becaufe  the  Rays  that  are  a  little  difperfed 
are  collected  accurately  enough.  If  this  Surface  be  greater,  the 
Reprefentation  of  the  Flame  is  furrounded  with  a  kind  of  falfe 
Light,  which  is  to  be  attributed  to  the  more  oblique  Rays  of  which 
I  (hall  now  fpeak  more  diftinctly,  for  the  Appearances  of  Objects 
belong  to  thefe  chiefly. 

Let  there  be  a  concave  Speculum  ad-,  C  the  Center  of  the  Cavity  • 

R  the  radiant  Point,  at  a  greater  Diftance  from  the  Speculum  than  Plate  io6s 
the  Center  C ;  R  a,  R  b,  R  c ,  R  d ,  the  incident  Rays,  of  which  Fig.  5 . 
the  reflected  Rays  a  C,  bg,  c  h,  di ,  by  mutual  Interfediions  with  the 
intermediate  ones,  make  the  Curve  Ffl,  which  they  all  touch there¬ 
fore  the  Point  R  appears  in  this  Curve,  and,  the  Eye  being  mov'd  in 
the  Plane  of  the  Curve,  the  Appearance  is  transfer' d  along  this 
Curve,  as  has  been  faid  pf  convex  Speculums  *. 

In  the  fame  manner  alfo,  as  has  been  explained  of  convex  Spe¬ 
culums,  we  difcover  the  vllible  Points ;  if  the  Eye  be  in  the 
Line  d  /,  along  which  the  incident  Ray  R  d  is  reflected,  which 
cuts  the  Sphere  continued  at  D »  de  being  taken  equal  to  a  Quarter 
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of  the  Cord  D  d,  RE  will  be  to  R d,  as  de  to  dfi  as  has  been  faid 
&  3377*  °f  a  convex  Speculum 

But  in  every  one  of  the  Planes,  which  may  be  conceived  to  pafs 
through  CR,  there  is  fuch  a  Curve;  they  all  meet  in  the  Line 

3316.  a  C  R,  namely  at  F.  Therefore  at  the  faid  Point  F  the  reflected 
Rays  are  colkBed  in  the  greatefi  Plenty  ;  which  therefore  is  call'd 
the  Focus  of  Rays  proceeding  from  R  ;  vice  verfa  R  is  the  Focus, 

*  3244.  the  Radiant  being  fuppofed  at  F  *,  and  thefe  are  the  Points,  fpoken 

T3310.  of  above  +.  * 

In  this  Figure  the  Part  of  the  Curve  which  is  one  Side  of  the 
Line  R  C  is  only  delineated ;  a  like  Part  muft  be  conceived  on 
the  other  Side ;  both  are  joined  in  the  Focus  of  the  radiant  Point. 

3317.  As  the  radiant  Point  recedes ,  the  Curve  approaches  the  Speculum . 
As  the  Radiant  approaches,  the  Curve  recedes  from  the  Speculum, 

and  is  mov’d  toward  the  Radiant  itfelf.  Let  R  be  the  radiant  Point, 
Plate  1 07.  and  D  a  D  the  Speculum,  d f  d  is  the  Curve  ;  and  as  the  Radiant 
Fig.  4.  approaches  towards  the  Center  C  they  are  contracted;  but  if  the 
3  318.  Radiant  be  in  the  Center  itfelf,  all  the  reflected  Rays  coincide  with  the 

*  3272.  incident  Rays  *  ;  and  the  whole  Curve  as  it  were  is  collected  in  the 

Center. 


Fig 

♦  o  > 


33  1 9*  If  the  Radiant  approaches  ft  ill  nearer,  fo  as  to  be  between  the  Cen¬ 
ter  and  the  Speculum ,  the  Curve  recedes  more  alfo,  which  then  is 
beyond  the  Center ;  if  D  A  D  be  the  Speculum,  d  F  d  is  the  Curve, 
in  which  the  Point  F  recedes  moft  of  all ;  in  which  all  the  Curves, 
which  are  conceiv’d  in  the  different  Planes,  meet,  and  it  is  the  Fo- 
3320.  cus  of  the  radiant  Point,  which  is  at  an  infinite  Diftance,  when  the 
Plate  107.  Difiance  of  the  Radiant  from  the  Speculum  is  equal  to  a  Quarter  of 
•  5-  the  Diameter  of  the  Sphere  *,  then  the  Curve  is  extended  in  infi- 
j‘-97-33°6-  nituniy  and  the  two  Sides,  which  tend  to  the  Focus  of  the  radiant 
Point,  are  feparated. 

321.  If  the  Radiant  approaches  nearer ,  the  Sides ,  as  d  I,  d  I,  mutually 
Plate  107.  decline  more  from  one  another,  becaufe  the  Rays  reflected  from  the 
Fig.  6.  Part  °f  Ae  Speculum  b  A  b  diverge  ;  that  is,  being  reflected  they 
mutually  interfedl  one  another  continued  beyond  the  Speculum, 
and  make  a  new  Curve  behind  the  Speculum,  which  alfo  conjifts  of  two 
Legs  f  l,  f  l,  thefe  meet  in  the  Line  CR  continued,  namely,  at 
f ;  and  in  receding  from  the  Speculum  are  ftretch’d  out  in  infinitum. 

3322.  On  each  Side  of  the  radiant  Point  there  is  given  in  the  Surface  a 
Point  as  b,  which  feparates  the  Rays  making  the  Curves  fl,  dl , 
and  the  Ray  R£  being  reflected  to  bg  touches  neither  Curve,  if 
it  be  continued  in  infinitum,  although  it  approaches  to  each  Curve 
nearer  and  nearer.  This 
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This  Point  b  may  eafily  be  determin’d  if  the  Chord  bB  be  drawn  3  3323. 

Kb  will  be  equal  to  a  Quarter  of  it  *,  but  this  Part  b  R  is  a  mean  *  3307» 
Proportional  between  the  Part  R  A  of  any  other  Chord,  paffing 
through  R,  and  a  third  Part  of  the  remaining  Portion  R  a  of  the 
fame  Chord  *f\  +3  5- El-3* 

If  the  whole  Sphere  fhould  be  finifh’d,  with  refpedt  to  the  op-  3324- 
polite  Part  of  the  Sphere,  the  Radiant  would  be  at  a  Diflance  be¬ 
yond  the  Center,  and  the  reflected  Rays  would  make  the  Curve 
dF  d,  mention’d  before  *,  whofe  Legs  d F,  F  d,  would  join  the*  3 3  1 4 * 
feparate  Legs  d  I,  d  I. 

In  the  fecond  Scholium  I  fhall  fpeak  farther  of  thefe  Curves, 
and  fhall  demonflrate  what  is  only  mention’d  here  3  but  now  I 
fhall  briefly  explain  the  Phaenomena,  which  follow  from  what  is 
faid.  x 

Obj  effis  plac'd  beyond  the  Center  are  feen  between  the  Speculum  and  3323, 
the  Center 3  for  all  the  Points  appear  in  the  Curve  as  F  /  *,  the  Plate  106* 
Images  of  the  Obj effis  are  alfo  dimini ff  d  and  Inverted:  For  they  Fig.  5. 
are  reduced  into  a  narrow  Space  3  and  in  the  Defcent  of  the  Point  *  33H- 
R  the  Reprefentation  of  it  afcends  5  for  the  Curve  F  /,  keeps  the  3326- 
fame  Pofition  with  Refpedt  to  RC^  which  turns  about  the 
Center  C. 

Experiment  4. 

That  die  Reprefentation  of  the  Objects  may  not  be  lefs  vivid  by  3327. 
Means  of  the  extraneous  Light,  the  Speculum  muft  be  inclofs’d  in  Plate  106, 
the  Box.  Let  there  be  a  Speculum,  the  Diameter  of  whofe  Surface  Fig.  6. 
is  about  eight  Inches,  and  which  is  a  Portion  of  a  Sphere  of  the 
Diameter  of  one  Foot  and  a  half ;  let  this  be  inclofed  in  the  Box  P, 
in  whofe  fore  Part  there  is  a  Hole  of  the  Diameter  of  about  five 

» 

Inches,  and  from  which  the  Speculum  is  diflan t  three  or  four  In¬ 
ches  3  it  is  neceflary  that  this  Aperture  be  turn’d  from  the  Light. 

Now  if  any  one  at  A,  beholds  himfelf  at  the  Diflance  of  about 
two  Feet  from  the  Speculum,  his  Face  will  appear  inverted  in  the 
Box,  towards  the  Aperture  3  if  the  Spectator  approaches,  his  Plead 
will  appear  to  be  out  of  the  Box. 

The  Reprefentation  of  a  Point  placed  in  the  Center  of  the  Sphere , 
coincides  with  the  radiant  Point  itfelf  a?id  is  as  it  were  f wallowed  up 
by  it  *. 

If  the  Eye  be  plac'd  in  that  Center ,  no  Objeffi  will  be  feen  by  it  3 

for  thofe  Rays  only  which  come  from  the  Eye  are  reflected  to  it  *.  * 


* 
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333°.  If  an  ObjeB  be  between  the  Center  and  the  Point  in  which  the 
parallel  Rays  that  are  refeBed  are  colleBed ,  the  ObjeB  alfo  appears 
without  the  Mirror ,  at  a  greater  Dijlance  from  the  Mirror  than  the 

*  3319.  ObjeB  it j elf  * ;  and  if  s  Reprefentation  is  inverted:  Which  is  proved 

in  the  fame  manner  as  in  N.  3326;  and  enlarged ,  becaufe  this  is 
more  diftant  from  the  Center  than  the  Objedt  is ;  for  the  Repre¬ 
fentation  infinitely  recedes  from  the  Center,  while  the  Objedt  is 

*  3320.  moving  through  a  fourth  Part  of  the  Diameter  of  the  Sphere  *. 

333 1  *  If  the  ObjeB  be  lefs  di/lant  from  the  Mirror  than  a  fourth  Part  of 

Plate  107.  the  Diameter  of  the  Sphere ,  the  ObjeB  will  appear  either  before  or 

Fig.  6.  behind  the  Mirror ,  according  as  the  Eye  is  placed.  If  the  Eye  be  fo 

placed,  that  the  reflected  Rays  which  form  the  Curve  / fly  may 
come  to  it,  it  will  fee  the  Appearance  of  the  Objedt  magnified 

^  3321.  beyond  the  Mirror  *  ;  becaufe  the  Curves,  as  / f  which  belong  to 
feveral  Points,  are  diverging. 

If  the  Rays,  which  form  the  Leg  d  I,  come  to  the  Eye,  the 

3332.  Objedt  will  appear  without  the  Mirror;  and  in  both  Cafes  the  Re - 
prefentation  is  ereB ;  for  as  the  Point  A  rifes  or  falls,  the  Curves  If 
d  i,  in  which  it  is  reprefented,  are  moved  with  the  fame  Motion. 

If  the  Eye  be  in  the  Point,  in  which  refledled  Rays,  reaching  to 
different  “Parts  of  the  Curve,  mutually  interfedt  one  another,  the 

3333*  Appearance  of  the  ObjeB  may  be  double ,  or  triple ,  as  at  O ;  but  this 
cannot  happen  if  the  Mirror  be  made  of  too  fmall  a  Portion  of  a 
Sphere. 

3334*  It  eafily  appears  in  every  Cafe,  that  the  Points  of  the  Appearance 
have  not  the  fame  Relation  to  one  another,  which  the  Points  of  the 
Objedt  have ;  and  that  therefore  a  concave  Speculum  never  re - 
prej'ents  an  ObjeB  exaBly  :  But  the  Reprefentation  is  very  irregular, 
which  is  in  the  Lines,  as  d  I. 

333 5.  With  regard  to  which  it  is  to  be  obferv’d,  which  muft  alfo  be 
referr’d  to  If  If  that  the  vilible  Points  are  not  in  thofe  Curves 
unlefs  near  the  Points  dy  d ,  and  f  becaufe  the  Rays  which  belong 
to  other  Parts  of  thefe  Curves  and  fill  the  Pupil,  cannot  be  looked 
upon  as  Rays  proceeding  from  one  Point  only. 

3336.  There  are  alfo  cylindric,  convex  and  concave  Mirrors,  as  alfo 
conical  convex  ones ;  in  one  refpedt  they  are  plane,  in  another  fphe- 
rical :  Therefore  the  Reprefentation  of  the  Objedt  is  very  irregular, 
which  Irregularity,  as  it  depends  upon  a  regular  Figure,  maybe  de¬ 
termin'd  in  fuch  manner,  that  Figures  may  be  drawn,  which  being 
really  irregular,  feem  regular,  in  fuch  a  Speculum,  in  a  certain  Pch- 
frtion  of  the  Eye. 

\  SCHO, 
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SCHOLIUM  i. 

Of  determining  the  Diameter  of  a  burning  Glafs . 

WHAT  was  explained  in  N.  3299,  being  given,  the  Angle  DCE,  3337. 

to  which  BC  A  is  equal,  determines  the  apparent  Magnitude  of  PI.  106.F. 
the  Diameter  of  the  Sun,  and  is  equal  to  about  32'.  The  Diameter  b  a 
of  the  Image  of  the  Sun  is  equal  to  half  the  Chord  B  A*,  that  is,  it  is  *  3297. 
equal  to  the  Sine  of  the  Arch  161,  which,  fuppofing  the  Radius- A  C  = 

100000,  is  equal  to  465,  and  is  to  A  a  —  10000,  as  1  to  108  ;  whence 
appears  what  was  laid  in  N.  3301. 

Rays  parallel  to  the  Ray  CO,  if  they  be  at  a  fmali  Diftance  from  it,  3338. 
being  reflected  pafs  along  a  \  if  they  be  at  a  greater  Diftance  they  meet 
with  C  A  between  A  and  a ,  as  follows  from  what  is  before  demon- 
ftrated  *.  But  thofe,  which  fall  upon  the  Speculum  between  A  and  M,  *  3297, 
it  they  pafs  along  the  lmall  Line  a  b,  increafe  the  Effedt  *,  but  if  the  Arch 
A  M  is  equal  to  twelve  Degrees,  the  Ray  G  M  being  refledted  along 
M  H  paffes  beyond  b  along  /,  and  cannot  affift  the  Combuftion  between 
a  and  b ,  as  will  appear  from  a  Computation  made. 

Let  MN,  the  Sine  of  an  Angle  of  twelve  Degrees,  be  20791  *,  N  C  3339- 
the  Co-fine  of  the  fame  Angle  97815. 

MHC  is  an  Ifofceles  Triangle  *,  therefore  HI,  which  is  perpendicu-  *  3297. 
lar  to  M  C,  divides  this  intd  two  equal  Parts  at  I ;  and  H  C  is  the  half 
Secant  of  the  Angle  of  twelve  Degrees,  when  the  Radius  of  the  Circle  is 
M  C  or  C  A  *,  therefore  HC  =  51117«,  NC  —  HC  =  NH  =  46698  ; 

HC  —  aC  =  Ha  ~  iny.  The  Angle  i  a  H  wants  fixteen  Minutes  of 
a  Right  one  ;,  we  take  it  for  a  Right  one,  becaufe  no  fenfible  Error  arifes 
from  it ;  then  theTriangles  H  MN,  Hz  a,  are  fimilar,  and  N  H  (46698) 
is  to  NM  (20791),  as  Ha  ( 1 1 1 7)  is  to  a  i  (497):  But  a  b  as  we  have 
feen  is  only  equal  to  465.  But  when  the  Diftance  of  the  Sun  from  the 
Earth  is  leaft  of  all,  a  b  increafes,  and  is  equal  to  480  ;  fo  that  very  few 
of  the  Rays  fall  without  the  true  Image  of  the  Sun  ;  for  if  A  M  fhould 
want  eight  minutes  of  twelve  Degrees,  ai  would  be  equal  to  480.  This 
is  the  Reafon  why  we  have  determin’d  the  whole  Arch  MN,  that  is  the 
Diameter  of  the  Speculum,  25  Deg.  *,  left  the  Rays,  which  can  increafe  *  33°3 • 
the  Effedt,  fhould  be  wanting. 


SCHOLIUM  II. 

Of  cauflic  Lines  by  'Reflexion . 

THE  curve  Lines,  mention’d  in  N.  3314,  and  the  following,  are  3340. 

call’d  cauftic  Lines  ;  we  have  explain’d  how  their  Points  may  be 
dilcover’d  *,  and  feen,  that  the  Determination  is  not  different  from  that  *  33 
Vo l.  II.  F  f  deliver’d 
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deliver’d  for  convex  Speculums  *,  a  Demonftration  of  which  we  have 
given  in  the  Scholium  of  the  laft  Chapter  ff. 

As  there,  fo  here  alfo  we  have  the  following  Proportion  *,  which  is  de- 
monftrated  in  the  fame  manner  as  there. 

RD  +  3R  A,  AB  ::  RA,  FA. 

but  RD  +  3RA—4RD  +  3DA  =  4RD  +  4DE  =  4REi  for  we 
fuppofe  AE  =  t AD. 

Therefore  4 RE,  4AE  :  :  RE,  AE  :  :  RA,  FA.  Which  was  to 

be  demonftrated. 

The  Demonftration  differs  little  from  this  when  the  Point  R  falls  within 
the  Circle. 

Then  A  a  —  D  d  =  B  £  —  A  a  \ 

Alfo  inftead  of  the  Proportion  D  d  +  a,  A  a  :  :  RD  +  RA,  RA*, 
we  eafily  have  this  A  a  —  A  a  :  :  R  A  —  R  D,  R  A. 

We  alfo  have  B  £  —  A  a,  A  a  :  :  FB  —  FA,  FA*; 

Therefore  RA  — RD,  RA  :  :  FB  — FA,  FA. 

By  Compof.  and  again  by  Comp,  and  Altern.  3  R A — RD,  AB  = 
AD  •  *  R  A  FA* 

But  3RA  —  RD  =  3RA  +  3RD  —  4RD=3AD  —  4RD  = 
4-D'E— 4RD  =  4RE. 

Therefore  4 RE,  4AE  :  :  RE,  AE  :  :  RA,  AF,  as  above  *. 

From  this  Determination  of  the  Point  F  we  deduce,  that  the  Point  F 
is  in  the  middle  of  the  Chord  A  B,  when  the  radiant  Point  is  in  the  mid¬ 
dle  of  the  Chord  AD  ;  for  then  RE  =  AE  *,  and  therefore  RA=  AF. 

As  the  Radiant  approaches  the  Focus  recedes,  and  vice  verfa . 

When  the  Radiant  is  at  E,  AE  infinitely  exceeds  RE,  which  is  equal 
to  nothing*,  therefore  AF  infinitely  exceeds  RA,  that  is,  the  refle<fted 
Rays  are  parallel,  as  has  been  fhewn  *. 

If  the  incident  Rays  are  parallel,  of  which  we  have  fpoken  in  N.  33 07^ 
we  take  the  infinite  ones,  R  A,  RE  as  equal,  therefore  AF,  AE  are 
alfo  equal  *,  which  alfo  follows  from  the  general  Law  of  Refraction  *, 

If  the  Radiant  R  be  between  E  and  A,  the  firft  Term  of  the  Propor¬ 
tion  R  E  is  negative*,  therefore  alfo  the  laft  AF,  that  is,  the  diverging 
Rays  are  reflected,  as  has  been  faid  in  N.  3321. 

In  thefe  four  Figures  we  exhibit  Curves,  by  confidering  the  Reflexion 
of  the  whole  Circumference  of  the  Circle.  When  the  radiant  Point  Ris 
within  the  Sphere,  there  are  four  Points  of  the  Inflection  F,  /,  in  the 
direCt  Ray,  and  two  others  dy  d ,  in  reflected  Rays,  fuppofing  the  inci¬ 
dent  Rays  to  be  perpendicular  to  the  direCt  Ray. 

But  if  the  Radiant  Point  be  without  the  Sphere,  the  Reflexion  can 
only  be  in  Part,  without  the  Sphere  at  G^G,  and  in  Part  within  at 
GAG,  the  firft  Part  G  a  G  being  remov’d  5  in  which  Cafe  there  are 
only  two  Points  of  InfleClion. 
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CHAP.  XVII. 

O/^  catoptric  'Telefcopes . 

WE  have  feen  that  Telefcopes,  made  of  Glaffes,  are  imper-  3349. 

fedt  for  two  Reafons*  ;  and  we  have  only  confider’d  that  *  3221, 
Defedt,  which  follows  from  the  Nature  of  Refraftion. 

When  we  ufe  Speculums  inftead  of  Glaffes,  the  Xmperfedtion 
from  the  Figure  only  takes  Place  (for  we  don’t  fpeak  here  of  the 
Matter,  or  Induftry  of  the  Workman) ;  and  as  this  Defedt  is  very 
fmall,  the  Telefcopes,  of  which  I  now  fpeak,  are  more  per  fedt 
than  others. 

Let  there  be  a  concave  Speculum  AA;  C  the  Center  of -the  3350. 
Sphere,  Q^the  Center  of  the  Speculum  itfelf,  CQ  a  Ray  pro- Plate  108. 
ceeding  from  a  Point  of  a  diftant  Objedt,  being  reflected  returns  Fig.  1 . 
into  itfelf,  and  with  this,  the  Rays,  proceeding  from  the  fame 
Point,  which  are  looked  upon  as  parallel,  being  refledted,  meet  at 
F,  the  middle  Point  between  C  and  QJ*.  *  3297. 

In  the  fame  manner,  if  C  q  be  a  Ray  proceeding  from  any  other 
Point  at  a  Diftance,  and  pafling  through  the  Center  C,  this  being 
refledted,  meets  together  with  the  neighbouring  parallel  and  re- 
fledted  Rays  at  E,  the  middle  Point  of  the  Line  C  q ;  and  thus  of 
any  other  diftant  Points  whatfbever,  from  which  Rays  can  come 
to  the  Mirror.  Thus  the  Image  of  a  diftant  Objedt  is  made,  and 
it  is  made  by  diredt  Rays,  wherefore  this  is  perfedf,  if  the  Mirror, 
or  rather  the  Aperture  of  the  Mirrpr,  be  not  too  large  *.  This*  3298. 
Image  differs  from  that,  which  has  been  fpoken  of  above  •f',  which  *f*  3309. 
is  made  by  oblique  Rays  5  and  yet  it  is  accurate  enough,  becaufe 
the  Rays  which  are  but  a  little  difpers’d  are  colledted  5  but  in  the 
Telefcope  fuch  an  Image  would  be  of  no  Ufe. 

A  fmall  plane  Mirror  B  B  is  plac’d  upon  the  Axis  C  Q  in  fuch  3  3  5 1 « 

manner  as  to  make  an  half  Right  Angle  with  it.  This  Mirror,  : 

though  fmall,  intercepts  many  Rays ;  but  by  that  the  Image  is  on¬ 
ly  weaken’d  a  little,  for  only  the  fmaller  Part  of  the  Rays,  which 
proceed  from  any  Point  of  the  Objedt,  and  tend  to  all  the  Points 
of  the  greater  Speculum,  is  intercepted,  the  other  being  reflected 
meet  and  make  an  Image  of  the  Point  5  or  rather  would  make  it, 
if  they  were  not  all  intercepted,  being  refledted  from  the  fmaller 
Mirror. 
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Whilft  they  are  thus  intercepted,  they  are  reflected  from  the 
fmaller  Mirror  in  fuch  manner,  as  to  be  before  the  Mirror,  as  they 
would  be  behind  the  Mirror,  if  they  were  to  continue  their  Mo¬ 
tion  through  it  ;  which  follows  from  the  Demonftration  deliver’d 
in  N.  3264;  tli  ere  fore  the  Image  is  transfer’d  to  f  e.  Now  if  we 
obferve  this  through  the  Eye  Glafs  O  O  *,  we  fhall  have  the  Ob- 
jedt  very  much  enlarged.  The  Place  of  the  Eye  is  determin’d, 
as  has  been  feen  above 

The  Aperture  of  fuch  a  Telefcope  is  very  large,  if  it  be  com¬ 
pared  with  the  Aperture  of  a  dioptric  Telefcope  *,  therefore  the 
Picture  in  the  Eye  may  be  very  much  enlarged  by  making  ufe  of  an 
acute  Eye  Glafs,  fufficient  Clearnefs  being  preferved  -f*.  In  which 
Cafe  alfo  the  Vificn  is  diftindt,  becaufe  the  Aperture  is  indeed  en- 
laarg’d,  but  yet  fo  that  the  Image  remains  diftindt. 

The  apparent  Magnitude  in  this  Telefcope  is  refer’d  to  the  apparent 
Magnitude  to  the  naked  Eye ,  as  has  been  faid  of  other  Telefcopes  * ; 
and  that  is  to  this,  as  the  Angle  O  D  d  is  to  the  Angle  FCE,  but 
as  thefe  Angles  have  the  equal  Bafes  d  O  and  F  E  (for  fuch  are 
F  E,  fe>  and  this  to  Senfe  does  not  differ  from  d  O)  and  as  thefe 
are  fmall  'f,  for  they  are  to  one  another  as  SC,  or  Q F  to  D  d ; 
that  is,  as  the  Diftance,  at  which  the  Mirror  collects  parallel  Rays, 
which  is  the  Length  of  the  Telefcope  J,  is  to  the  Diftance  y  at  which 
the  Eye  Glafs  colleBs  parallel  Rays. 

What  has  been  faid  of  the  Perfection  of  Telefcopes  made  of 
Glaffes  *y  muff  be  refer’d  to  thefe  alfo ;  we  mufl  difcover  by  Ex¬ 
perience  what  is  beft  for  any  given  Speculum ;  that  is,  we  ought 
to  feek  the  Magnitude  of  the  Aperture  by  Trial,  by  applying  dif¬ 
ferent  Eye  Glaffes,  feveral  times  -f*,  that  thus,  when  the  Length  of 
the  Telefcope  is  given  we  may  determine  the  Aperture,  and  the 
Diftance  of  the  Focus  of  parallel  Rays  for  the  Eye  Glafs. 

Let  it  be  now  thus  difcover’d,  that  an  Aperture  of  five  Inches 
anfwers  to  a  Length  of  five  Feet,  and  that  an  Eye  Glafs  is  to  be 
made  ufe  of  which  collects  parallel  Rays  at  the  Diftance  of  the 
third  of  an  Inch  ;  when  a  Telefcope  of  a  different  Length  fhall 
be  to  be  conftrudted  equally  perfedt,  that  is,  which  may  reprefent 
Objects,  equally  diftindt,  and  with  the  fame  Clearnefs,  we  ought  to 
obferve  this  Rule,  which  we  fhall  demonftrate  in  the  fecond  following 
Scholium,  that  the  Length  of  Telefcopes  be  to  cite  another  as  the  fourth 
Powers  of  the  Di fiances  of  the  Focuffes  of  the  Eye  Glafles ,  and  that 
the  Diameters  of  the  apertures  be  as  the  Cube  of  the  faid  Diftance s  ; 
then  alfo  the  Amplifications  of  the  Lines  are  as  the  Diameters  of  the 
Apertures .  But 
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But  the  Aperture  muft  be  altered  according  to  the  different  3359* 
Light  of  Objects  *5  and  it  is  proper  alfo  to  make  ufe  of  different  *  3230» 
Eye  Glaffes  according  to  different  Circumftances. 

Objects  appear  inverted  in  this  Telefcope  ;  but  they  are  made  to 
be  eredt  by  adding  two  Eye  Glaffes  *.  * 

This  is  called  the  Newtonian  Telefcope,  from  the  Inventor  of  it; 
it  was  propofed  near  feventy  Years  ago,  but  it  was  happily  brought 
to  Prad:ice  in  England  by  Mr.  'John  Hadley ,  and  carried  to  Per¬ 
fection  about  twenty  Years  ago. 

Mr.  James  Gregory  had  before  invented  another  catoptric  Te¬ 
lefcope,  fuch  as  are  now  commonly  ufed :  and  thefe  were  brought 
to  Perfection  a  little  after  the  Newtonian  ones. 

The  Newtonian  Telefcope  is  more  fimple  and  more  perfect,  and 
much  to  be  prefer’d  to  the  other  for  celeftial  Obfervations ;  the 
Gregorian  Telefcope  is  moft  convenient  for  feeing  terreftrial  Objects. 

This  confifts  of  a  great  concave  Mirror,  fuch  as  is  ufed  in  the  New¬ 
tonian  Telefcope;  of  a  lefs  concave  Speculum  and  of  one,  or  as 
they  are  now  conftructed,  two  Eye  Glaffes.  This  is  the  Difpoiition 
of  the  Parts. 

A  A  is  the  larger  Speculum  ;  this  is  perforated  in  the  middle,  and 
Q^he  Center  of  the  Mirror  is  alfo  the  Center  of  the  Hole  m  Qj^;  Plate  108. 
the  Axis  of  the  Telefcope,  which  paffes  through  the  Center  of  the  Fig.  2. 
Sphere,  and  the  Center  of  the  Mirror,  is  C  I.  The  fmailer  Mir¬ 
ror  B  B,  upon  which  the  Rays  fall  that  are  reflected  from  the  greater 
Mirror,  is  fo  placed,  that  it’s  Axis  s  c ,  which  paffes  through  c  the 
Center  of  the  Sphere,  and  s  the  Center  of  the  Mirror,  may  coincide 
with  the  Axis  of  the  Telefcope  C  I.  The  firft  Eye  Glafs  V  V  is 
plac’d  behind  the  Hole  in  the  larger  Mirror ;  the  fecond  is  plac’d  at 
O  O,  and  they  have  their  Axes  in  the  faid  Axis  C I. 

Let  CQjmd  Cm  be  Plays  proceeding  from  two  Points  of  a 
diftant  Object,  and  mutually  interfering  one  another  in  the  Center 
C  in  thefe  Lines,  although  the  Rays  be  intercepted,  the  Images  of 
the  Point  are  at  E  and  1?,  as  has  been  explained  in  the  Newtonian 
Telefcope  *,  and  EF  reprefents  the  Image  of  the  diftant  Object. 

This  Image  maybe  confidered  as  an  Object  which,  letting  afide 
the  Lenfe  V  V,  would  have  it’s  Image  f  e  by  the  Reflexion  of  the 
Mirror  B  B  *  ;  which  fecond  Image  maybe  remov’d  to  any  Diftance  * 
from  E  F ;  for  this  depends  upon  the  Pofltion  of  the  fmall  Mirror, 
which  is  to  be  fo  plac’d  that  E  F  may  be  between  c  and  y>,  but 
this  is  the  middle  Point  between  c  and  s  but  by  diminifhing  p  F  * 
f  e  is  remov’d. 
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Every  Point  of  the  Image  E  F  would  be  made  by  Rays  pro¬ 
ceeding  from  all  the  Points  of  the  Mirror  A  A,  if  none  of  the  In¬ 
cident  Rays  were  intercepted  by  B  B,  or  paffed  through  the  Hole 
A  A  3  then  among  the  Rays,  that  make  a  Point  as  E,  there  would 
be  one  as  nc  E  /,  which  would  pafs  through  the  Center  c  of  the 
Sphere  of  the  fmaller  Mirror  3  and  this  being  refle&ed,  would  re¬ 
turn  into  itfelf,  and  tend  to  the  Point  e  of  the  fecond  Image  3  for 
all  the  Rays  proceeding  from  E,  and  reflected  from  the  fmaller 
Mirror,  pals  along  e>  and  drawing  Lines  from  all  the  Points  of  the 
Image  ef  through  the  Center  c ,  thefe  will  pafs  through  the  cor- 
refpondent  Points  of  the  Image  ef 

Now  let  us  fuppofe  the  Eye  Glafs  V  V  to  be  placed  near  the 
Hole  of  the  greater  Mirror  in  fuch  manner  that  it  may  intercept 
all  the  Rays  palling  through  it.  The  faid  Rays,  that  pafs  through 
cy  fall  upon  the  Glafs  diverging,  and  go  out  converging,  tending 
towards  I  *.  But  the  Rays  that  tend  towards  the  Point  as  e  con¬ 
verge  more  and  meet  at  the  Point  e>  which  is  at  a  lefsDiftance; 
and  thus  a  third  Image  ef  is  made,  through  all  the  Points  of 
which  the  Rays  tend  to  I. 

This  laft  Image  appears  magnified  through  the  Lenfe  O  O,  and 
this  is  the  Ufe  of  this  Telefcope.  But  the  Rays  that  tend  towards 
I,  and  are  converging,  converge  more,  and  meet  at  D  *  ;  and 
this  is  the  Place  of  the  Eye ;  for  unlefs  this  be  placed  there,  all 
the  Rays,  palling  through  the  Eye  Glafs  O  O,  will  not  be  able  to 
penetrate  into  the  Eye,  and  the  Field  would  be  lefs,  as  has  been 
often  feen  *. 

The  Plate  is  fallen’ d  at  D,  in  whofe  Center  there  is  a  fmall 
Hole.  This  excludes  all  extraneous  and  troublefome  Light  5  which, 
when  the  Hole  Increafes  a  little,  enters  into  the  Eye. 

When  one  Eye  Glafs  only  is  made  ufe  of,  the  Image,  e ,  f  is 
plac’d  at  a  fmall  Diftance  from  the  Hole  n  m  and  a  Spectator 
beholds  this  through  the  Eye  Glafs. 

The  Amplification,  that  is  the  Increafe  of  the  apparent  Magni¬ 
tude,  is  determined  in  this  Telefcope  as  in  the  others  5  for  this  Mag¬ 
nitude  to  the  naked  Eye,  is  to  that  feen  through  the  Telefcope  as 
the  Angle  E  C  F  to  the  Angle  *  D  d  *,  the  Comparifon  of  which 
is  more  intricate  than  in  the  Examples  which  we  have  hitherto 
had. 

But  the  apparent  Magnitude  through  the  Telefcope  is  to  that 
with  the  naked  Eye,  in  this  Cafe,  as  we  demonftrate  in  the  third 
Scholium  following,  in  a  Ratio  compounded  of  thefe  three  Ratios 
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of  FQ  to  Fc  of  c y  to  yr  (y  is  the  Focus  of  parallel  Rays  of 
the  Glafs  VV)  and  laftly  of  f  I  to  fd-y  we  fuppofe  f  to  be  in 
the  Focus  of  the  Glafs  O  O,  from  which  this  Image  is  hardly  re¬ 
moved,  except  there  be  a  fault  in  the  Eye  of  the  Spectator.  The 
Antecedents  and  Confequents  being  multiplied,  there  is  produced 
the  Ratio  which  we  feek. 

We  difcover  by  Trial  what  is  required  to  make  the  Telefcope 
as  perfect  as  poffible,  as  has  been  feen  of  other  Telefcopes  *  ;  and 
we  afterwards  determine  by  Computation,  how  another  equally  per¬ 
fect,  that  is,  which  reprefen ts  Objedts  equally  clear,  and  equally 
diftindt,  may  be  conftrudted  ;  but  the  Trials  made  with  the  'New¬ 
tonian  Telefcope  *  are  of  ufe  here  alfo. 

But  as  the  Telefcope,  fpoken  of  here,  confifts  of  many  Parts, 
this  may  be  alter’d  many  Ways,  keeping  the  abovementioned  Per¬ 
fection. 

We  now  fuppofe,  a  Telefcope  being  given,  whether  a  Newto- 
niany  or  Gregorian  one,  with  one  or  two  Eye  Glafies,  that  another 
equally  perfedt  is  to  be  made,  whether  Newtonian ,  a  Speculum 
being  given,  or  Gregorian ,  two  Speculums  being  given,  and  the 
Lenfe  VV,  if  two  are  to  be  made  ufe  of;  thefe  Parts  being 
join’d  at  Pleafure,  yet  in  fuch  manner  that  the  Image  ef  if  V  V 
be  wanting,  or  ef  if  V  V  be  prefent,  be  plac’d  in  fuch  manner,, 
that  the  Lenfe  O  O  may  be  conveniently  fitted  to  the  Telefcope. 

The  Aperture  of  the  greater  Speculum  is  fought,  and  the  Convexity 
of  the  Glafs  OO. 

» 

We  don’t  want  a  new  Rule  to  determine  the  Aperture  from  that, 
which  we  gave  for  the  Newtonian  Telefcope  *,  it  follows,  that  the  *  3357. 
Diameters  of  the  Apertures  in  different  (Telefcopesy  are  to  one  another  3378a 
as  are  the  Cubes  of  the  biquadratic  Roots  of  the  Lenghts .  The  fame 
Rule  obtains  in  thefe,  if  we  take  the  Diftance  F  Q  for  the  Length, 
as  in  the  Newtonian  Telefcope.  But  before  we  determine  the  Con-  3 
vexity  of  the  laft  Eye  Glafs,  we  muft  determine  the  Ratio,  which 
is  between  the  Image  which  we  fhould  obferve  through  this  laft 
Lenfe  O  O,  and  the  firft  Image  E  F.  If  the  Lenfe  V  V  be  wanting,, 
this  Ratio  is  (as  will  be  feen  in  the  third  Scholium)  that  which  is 
given  between  p  s  and  F p . 

If  two  Glafles  are  to  be  made  ufe  of,  and  V  V  be  given,  we  have  3380. 
jf ;  for  p  F,  p  c ,  pf  are  proportional,  as  follows  from  the  Proportion 
abovemention'd  *,  we  difcover  I,  becaufe  cy,  c  r,  c  I,  are  alfo  in  ^  3310. 
continued  Proportion  We  alfo  difcover  f  for  fy,  f  r,  fj,  are  303.5. 

Thefe  being  given,  the  Ratio  fought,  which  j  3035. 

2 


alfo  Proportionals  J 
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is  between  ef  and  E  F,  is  as  we  fhall  fee  in  the  third  Scholium, 
made  up  of  the  Ratios  now  known,  of  \f  to  y  r  and  cr  to  c  F, 
the  Antecedents  and  Confequents  of  which  fhould  be  multiplied. 

3381.  But  the  Ratio  between  the  Diameters  of  the  laft  Image  and  the 
fir  ft  being  given,  by  dividing  the  Antecedent  by  the  Confcquent, 
we  have  the  Exponent  of  the  Ratio  of  the  firft  Amplification,  for 
fo  we  fhall  call  it,  to  diftinguifh  it  from  the  Amplification,  which 
the  Telefcope  itfelf  produces. 

This  Exponent  being  multiplied  by  the  Square  Root  of  the  Length 
of  the  Telefcope,  the  Produdt  is  in  the  Ratio  of  the  Diftance  d f 
that  is  of  that,  at  which  the  Glafs  O  O  collects  parallel  Rays, 

3382.  which  alfo  we  exprefs  in  this  manner.  That  in  different  Telefcopes , 
the  loft  Eye  Glaffes  muft  be  fo  conftruBed ,  that  the  Products  of  the 
Exponents  of  the  Jirfi  Amplifications  by  the  biquadratic  Roots  of  the 
Lengths ,  may  be  to  one  another  as  the  Dfiances  of  the  Focuffes  of  the 
Jaid  Lenfcs  •  which  Rule  is  demonftrated  in  the  fourth  Scholium. 

3383.  With  regard  to  thefe  Computations  the  Newtonian  Telefcope 
differs  from  the  Gregorian  in  this  only ;  in  the  firft  a  Spectator  fees 
the  Image  equal  to  E  F  through  the  Eye  Glafs,  in  the  fecond  he 
obferves  the  Image  e f 

3384.  If  the  Images  ef  and  E  F  in  the  Gregorian  Telefcope  be  equal, 
fetting  afide  the  Diminution  of  Light  from  the  Reflexion  and  Re- 
fra&ion,  thefe  Images  will  alfo  be  equally  lucid ;  fo  that  it  matters 

3385.  not  which  we  behold;  and  the  Newtonian  Telefcope  is  compared 
with  the  Gregorian,  if  infiead  of  the  Newtonian  we  conceive  a  Gre¬ 
gorian  Telefcope  in  which  the  faid  Images  are  equal,  that  is,  in  which 
the  Exponent  of  the  firjl  Amplification  is  Unity . 

3386.  Therefore  it  is  not  neceflary,  as  has  been  fhewn  above  *,  when 

*  3  375*  the  Aperture  and  Convexity  of  the  Eye  Glafs  for  the  Newtonian 

•f*  335^*  Telefcope  are  determin’d  by  Experiments  to  make  new  Trials, 

in  order  to  conftrudt  a  Gregorian  Telefcope  equally  perfect :  The 
Computation  may  be  made  with  thofe  Things  given  which  were 
mention’d  in  N.  3377. 

3387.  When  two  Telefcopes,  the  one  Newtonian ,  the  other  Gregorian , 
are  of  equal  Lengths,  that  is,  when  the  greater  Speculums  are  equal¬ 
ly  concave,  unlefs  the  Apertures  of  the  Speculums  be  equal,  they 

*  3333-3384-  will  not  be  equally  perfeft  *  ;  and  if  they  be  equally  perfedt,  Ob¬ 

jects  will  appear  equally  magnified,  howfoever  the  Figure  and  Po¬ 
sition  of  the  fmaller  Speculum,  and  inner  Glafs  be  varied  in  the  Gre- 

3388.  gcrian  one,  for  the  Rule,  mention’d  above,  in  a  peculiar  Cafe  *,  is 

*  3358.  umverfal ,  which  takes  Place  in  the  Com  parifon  of  any  Felef copes  what- 

a  ever. 
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ever  whether  of  the  fame  or  of  a  different  Kind>  that  the  Amplifica- 
tiom  of  Objects  are  as  the  Apertures  when  the  Clearnefs  is  the  fame . 

For  the  Clearnefs  depends  upon  the  Light,  with  which  the  3389» 
Pidure  of  an  Objed  in  the  Eye  is  illuminated ;  if  the  Light  be  alter’d, 
the  Clearnefs  will  remain  the  fame  in  this  Cafe  only,  if  the  Pidure 
be  alter’d  in  the  fame  manner;  for  Example,  if  it  be  doubled, 
when  the  Light  is  doubled,  &c.  that  is,  the  Pidure  and  Light 
ought  to  be  in  the  fame  Ratio ;  but  the  Light  is  as  the  Aperture  *,  *  3220. 
therefore  the  Pidure  is  in  the  fame  Ratio  alfo. 

In  the  laft  Scholium  of  this  Chapter,  I  fhall  demonftrate  the 
Rules  concerning  the  Comparifon  of  the  Gregorian  Telefcopes ;  and 
I  fhall  alfo  fpeak  of  comparing  dioptric  Telefcopes  with  catoptric 
ones ;  concerning  which  Comparifon  I  fhall  only  give  one  Rule 
here,  which  will  have  for  it’s  Foundation  this,  viz.  that  the  Te¬ 
lefcopes  mention’d  in  N.  3228,  and  3356,  are  equally  perfed. 

The  Length  of  any  dioptric  Telefcope  equally  perfed  with  that  3390. 
mention’d  in  N.  3228,  being  given,  we  want  to  know  the  Length 
of  a  catoptric  Telefcope,  which,  if  it  be  as  perfed  as  the  other, 
reprefents  Objeds  amplified  equally  with  the  Telefcope  propofed. 

The  Rule  is  this. 

The  Square  of  the  given  Length  is  divided  by  55-J,  and  the  Cube  3391. 
Root  of  the  Quotient  exprejjes  the  Length  fought . 

If  the  Length  of  the  catoptric  Telefcope  were  given,  and  that  3392. 
of  the  dioptric  one  fought,  the  Cube  of  the  given  Length  fliould 
be  multiplied  by  55  J,  and  the  Square  Root  of  the  Produd  would 
give  the  Length. 

But  this  Number  55-J-  was  determin’d  for  Lengths,  exprefled  in  3  3  93 • 
Rhinland  Feet,  therefore  a  Length  of  fix  Inches  fhould  be  exprefled 
no  other  wife  than  by  j-,  or  O,  5. 


SCHOLIUM  I. 

Of  the  fpreading  of  Rays  from  the  Reflexion  of  a  concave  Speculum. 

LE  T  there  be  a  concave  Speculum  ML*,  C  the  Center  of  the  Sphere  *,  3394* 

DC  A  a  dired  Ray  ;  a  the  Focus  of  Rays  parallel  to  it,  dividing  Pj*  io^* 
C  A  into  two  equal  Parts  * *,  let  there  be  other  parallel  Rays  alio  at  aHg-  3. 
greater  Diftance,  and  the  laft  of  thefe  B  M,  which  is  refieded  along  MHz’.  *  3297* 
When  the  Rays  are  at  a  fmall  Diftance,  from  A,  being  refieded  they 
meet  at  a  \  but  this  laft  cuts  C  A  in  H  *,  and  it  the  parallel  Rays  take 
up  a  Space  on  the  Surface  of  the  Mirror,  whofe  Semi-Diameter  is  A  M, 
that  is,  if  this  be  the  Semi-Diameter  of  the  Aperture  ;  all  thefe  being  re- 
Vo  l.  II.  Gg  fleded 
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fleeted  pafs  through  the  fmall  Space  whofe  Semi-Diameter  is  a  i  5  many 
Rays  indeed  mutually  interfecff  one  another  every  where  between  H  and 
a  \  but  they  are  collected  no  where  in  fo  great  Plenty  as  at  a:  And  there¬ 
fore  the  Difperfion  is  to  be  referr’d  to  this  Point  at  a ,  and  there  meafur’d. 

This  fmall  Line  at,  if  Ha  remains,  is  as  the  Angle  aHi  or  MHA; 
if  the  Angle  be  not  alter’d,  the  fame  fmall  Line  a  /,  is  as  H  a  ;  there¬ 
fore,  as  thefe  two  are  continually  chang’d,  when  M  recedes  or  approaches, 
a  i  is  in  a  Ratio  compounded  of  the  two. 

MHC  is  an  Ifofceles  Triangle**,  therefore  the  Angle  MHA  is 
double  the  Angle  MCAf  j  and  therefore  MHA  is  in  the  Ratio  of 
i .  the  Arch  A  M. 

With  the  Center  C,  through  the  Point  a  decribe  a  Circle,  which  cuts 
the  Line  CM  in  I ;  in  which  Point  if  there  be  a  Perpendicular  to  C M, 
3.  it  will  touch  the  Circle  at  I  *  *  and  pafs  through  H,  by  reafon  that  H  C, 
H  M  are  equal.  Let  D  be  the  End  of  the  Diameter  of  the  fame  Circle, 
and  the  Square  of  the  Line  H  I  will  be  equal  to  the  Redlangle  made  of 
3.  HD  multiplied  into  Ha*.  But  as  we  only  fpeak  of  the  Cafes  in  which 
H  a  is  fmall,  H  D  is  taken  as  conflant ;  and  the  faid  Rectangle  is  in 
6.  the  Proportion  of  H  a*  \  in  the  Ratio  of  which  therefore  is  the  Square 
of  the  Line  H  I.  But  H I  to  Senfe  agrees  with  the  Arch  a  I,  which 
is  in  the  Ratio  of  AM;  therefore  Ha  is  in  the  duplicate  Ratio  of  the 
Arch  AM;  if  with  thefe  be  join’d  the  Ratio  of  the  fame  Arch,  which 
is  the  Ratio  of  the  Angle  A  H  M  *,  we  have  the  triplicate  Ratio  of 
A  M,  in  which  Ratio  is  a  i  -f . 

Therefore  the  Diameter  of  the  Difperfion ,  is  as  the  Cube  of  the  Diameter 
of  the  Aperture ,  in  the  fame  Mirror. 

Let  us  now  fuppofe,  the  Mirrors  to  be  different,  but  the  Apertures 
equal.  Let  m  n  be  a  Mirror  ;  c  the  Center  of  the  Sphere  ;  c  a  a  direct 
Ray  ;  f  the  Focus  of  parallel  Rays  *,  a  m  the  Semi-Diameter  of  the  Aper¬ 
ture,  equal  to  AM.  The  lafl  Ray  bm  is  reflected  along  mrp^  and 
the  Semi-Diameter  of  the  Aberration  is  p  /,  which  we  muff  compare 
with  a  i. 

Let  us  fuppofe  a  n  to  be  to  a  my  as  af  is  to  A  a  ;  and  let  the  incident 
Ray  at  n  be  reflected  along  n  h  0  ;  fo  that  f  0  may  be  the  Semi-Diame¬ 
ter  of  the  Difperfion,  when  an  is  the  Semi-Diameter  of  the  Aperture. 

From  the  Conflru6lion  it  follows  that  the  Figures  A  FI  a  i  H  M  and. 
a  h  f  0  h  n  are  fimilar  5 

And  therefore  a  /,  f  0  :  :  A  a,  a  f. 

We  alfo  have  /0,  fp  :  :  a  n 3,  am1  *  :  :  af \  A  a3. 

But  a  i  is  to  fp  in  a  Ratio  compounded  of  the  Ratios  of  a  i  to  f  0 
and  fo  to  fp\  that  is  of  the  Ratio’s  of  A  a  to  af  and  af 1  to  A 


a 


I 


or 


to  - 


I 


3400. 


A  a%  "  af 

Therefore,  when  the  Aperture  is  determin'd \  the  Semi -Diameter  of  the 
Difperfion ,  which  is  as  the  whole  Diameter,  is  in  the  inverfe  duplicate  Ratio 
of  the  Diftance  of  the  Focus  of  parallel Rays ,  or  the  Length  of  the  Telefcope, 
if  this  be  confider’d.  .  We 
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We  have  now  a  general  Ilule  concerning  the  Difperfion;  that  the  Bia -  340  r. 

meter  of  the  Spot ,  which  the  difperfed  Rays  make ,  is  in  the  dire  El  triplicate 
Ratio  of  the  Aperture  of  the  Mirror  *,  and  the  inverfe  duplicate  Ratio  of  *  3398. 
the  Diftance  of  the  Focus  of  parallel  Rays  f.  -f  3400. 


* 


* 


SCHOLIUM  II. 

Of  comparing  together  the  Newtonian  Felefcopes, 

CAtoptric  Telefcopes  are  compar’d  together,  as  has  been  faid  of  3402. 

dioptric  ones  ;  thofe  are  equally  perfedl,  which  reprefent  Objects 
equally  diftindt,  and  equally  clear  *.  The  Clearnefs  in  thefe,  as  in  the  *  3225* 
others,  is  directly  as  the  Aperture,  and  in  verily  as  the  Pidlure  of  the 
Objedl  in  the  Eye  f.  But  the  Diameter  of  this  Pidlure  is  in  the  diredlt  3231. 
Ratio  of  the  Diameter  of  the  Image  in  the  Telefcope,  which  is  as  it’s 
Length,  and  the  inverfe  Ratio  of  the  Diftance  of  the  Focus  of  the  Eye 
Glafs ;  for  all  thefe  Things  agree  to  this  Telefcope  in  the  fame  Manner  as 
to  thofe,  which  are  made  of  Glafles  *. 

Let  a  be  the  Diameter  of  the  Aperture  ;  l  the  Length  of  the  Telefcope ; 

/  the  Diftance  of  the  Focus  of  the  Eye  Glafs ;  the  Clearnefs  of  the  Te- 

a  f 

lefcope  will  be  as  the  Square  of  this  Fradlion  — y-  *. 

This  Fradlion  is  not  alter’d,  by  altering  the  Length  of  the  Telefcope 
at  Pleafure,  if  the  Rule  of  N.  3357  be  obferv’d.  According  to  which 
a  is  as  /*,  af  as/4  ;  l  alfo  is  as/4;  therefore  the  Numerator  and 
Denominator  of  the  Fradlion  are  alter’d  in  the  fame  Ratio  ;  and  this, 
which  is  in  the  fubduplicate  ratio  of  the  Clearnefs,  is  not  alter’d. 

The  Diftindlion  is  the  fame,  when  the  Spot  in  the  Bottom  of  the  Eye,  3405. 
which  reprefents  a  Point,  has  the  fame  Magnitude  *  ;  but  this  Spot  in  the  *  3232. 
Eye  is  the  Pidlure  of  another  Spot,  which  the  Rays,  that  proceed  from 
a  Point  of  the  Objedl,  make  in  the  Image  of  it. 

a 3 

The  Diameter  of  this  laft  Spot  is  as  — —  *.  But  the  Pidlure  of  this*  3401. 

Diameter,  is  as  A  D  diredlly,  and  in  verily  as  the  Diftance  of  the  Fo¬ 
cus  of  the  Eye  Glafs  Therefore  the  Diameter  of  the  Spot  in  the  f  3231, 
a} 

Eye  is  as  —— .  Now  if,  according  to  the  Rule  |],  a  be  as  f\  and  /  j|  3351. 
if 

as  /4,  the  Numerator  and  Denominator  of  the  Fradlion  are  both  in  the 
Ratio  of  f9 ;  that  is,  they  are  increafed,  and  diminifh’d  in  the  fame 
Ratio,  and  the  Fradlion  is  not  alter’d,  and  the  whole  Pidlure  in  the  Eye 
is  equally  diftindl. 
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3403. 

323i- 

3404* 


G  g  2 


S  C  H  o- 


228 


Mathematical  "Elements  BookV. 


SCHOLIUM  III. 

Of  determining  the  Amplifications  in  the  Gregorian  Telefcopes. 


3406. 
Plate  108. 
Fig.  2, 

*  3373- 

*  3°35‘ 


* 


3035- 


34°7- 

3408. 
*  33IO« 

3409- 


WE  faid  that  the  apparent  Magnitude  to  the  naked  Eye  is  to  that 
through  the  Gregorian  Telefcope,  as  the  Angle  E  C  F,  is  to  the 
x  D  d  *  •,  but  this  Ratio  is  compounded  of  the  Ratios  of  the  Angle  E  C  F 
toEcF  or  /  c  r ;  or  ter  to  1 1 r  *,  and  laftly  of  1 1 r,  which  is  x  I  d,  to 
x  D  d.  The  ftrft  Ratio  is  that  which  is  between  F  c  and  F  C,  or  FQj 
the  fecond  is  between  I  r  and  c  r,  but  cy,  cr ,  c  I,  are  proportional  * 
and  by  Inverf.  and  Divif.  cr  —  cy=yr ,  cy  :  :  cl  — =  cr\ 
therefore  the  fecond  of  the  faid  three  Ratios  is  that,  which  is  between  yr 
and  cy  *,  the  third  is  that  between  D  d  and  I d  *,  but  If,  Id,  ID  are 
Proportionals  *  ;  by  Converf.  and  Inverf.  If —  Id  =fd,  /I  :  :  I  J  — 
ID  2=  D  d,  Id,  and  the  third  Ratio  is  that  between  fd  and/ 1  but  thefe 
Ratios  are  the  fame,  as  thofe  mention’d  in  N.  3374. 

What  has  been  faid  in  N.  337 9  and  3380  about  determining  the  firft 
Amplification,  that  is,  about  comparing  the  different  Images  of  Objects, 
lhall  be  now  examin’d  alfo. 

Let  us  fuppofe  one  Eye  Glafs  only,  to  be  made  ufe  of,  and  we  muft 
demonftrate  that,  which  is  deliver’d  in  N.  3379,  namely,  that  ps  is  to 
F p  as  ef  is  to  EF,  that  is,  as  fc  is  to  cF. 

We  have  f  s,  jF  :  :  p  s  ~pc,  F  p  *. 

By  Divifion  fs  — s  F  =/F,  s  F  :  1  pc  —  F  p  =  c  F,  F  p. 

By  Altern.  and  Divif. /F  —  cF=/c,  c  F  ::s  F  —  ¥p  s,  ¥  p.  QJD.E. 

What  has  been  faid  in  N.  3380,  concerning  the  firft  Amplification  with 
two  Eye  Glaffes,  fcarce  needs  to  be  demonftrated  *  namely  that  ef  is  to 
E  F  in  a  Ratio  compounded  of  If  to  I  r  and  cr  to  c F ;  for  ef  is  to 
E  F  in  a  Ratio  compounded  of  ef  to  r  t  and  rt  to  EF;  but  the  firft 
is  that  which  is  between  I /  and  I  r,  by  reafon  of  the  fimilar Triangles  rt  I, 
fe  I.  But  the  fecond  Ratio  of  r  t  to  E  F,  by  reafon  of  the  fimilar 
Triangles  ctr,  cFE,  is  that,  which  is  between  cr  and  c  F. 


SCHOLIUM  IV. 

Of  comparing  the  Gregorian  cTelefcopes  with  one  another,  and  with  the 
Newtonian  T^elef copes ;  as  alfo  of  comparing  catoptric  and  dioptric 
cTelefcopes. 


3410.  IlfHAT  was  delivered  in  the  fecond  Scholium,  is  of  Ufe  here  alfo  ; 

V  f  therefore  we  again  fuppofe  a  to  exprefs  the  Diameter  of  the  Aper¬ 
ture  of  the  Telefcope  ;  /  the  Length  *,  and  /  the  Diftance  of  the  Focus  of 
the  laft  Eye  Glafs,  that  is,  of  that  next  the  Eye. 
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Chap.  1 7.  of  Natural Philofophy. 

Let  us  moreover  fuppofe,  any  Line  in  the  laft  Image,  which  a  Spedta- 
tor  beholds  immediately,  through  the  Glafs  next  to  the  Eye,  to  be  to  the 
fame  Line  in  the  firft,  which  is  made  by  the  greater  Speculum,  as  n  to  1  ; 
fo  that  n  may  be  the  Exponent  of  the  firft  Amplification  *.  The  Te-  * 
lefcope  being  now  given,  another,  of  any  Length,  is  propofed  to  be 
conftrudted  in  fuch  manner,  that  Objects  may  appear  equally  diftindt  and 
clear. 

As  the  Length  of  the  Telefcope  is  given,  the  greater  Speculum  is 
given,  whofe  Aperture  is  to  be  determin’d  *,  the  Convexity  of  the  laft 
Eye  Glafs  muft  be  determin’d,  and  thefe  two  things  are  fufficient ;  for 
there  are  only  two  Conditions  of  the  Problem,  that  the  Clearnels  and 
Diftindtnefs  may  be  preferv’d ;  wherefore  the  fmaller  Speculum  may  be 
varied  at  Pleafure,  and  the  firft  Eye  Glafs,  when  two  are  ufed  •,  thefe  two 
may  alfo  be  plac’d  at  Pleafure,  but  Care  muft  be  taken  that  the  Cafe  be 
not  impoftible  or  inconvenient  *. 

The  Clearnefs  of  the  Telefcope  is  diredtly  as  the  Aperture,  and  inverfiy 
as  the  Pidture  in  the  Eye  *,  the  Diameter  of  the  Pidture  is  diredtly  as  the  * 
Image,  and  inverfiy  as/*,  the  Diameter  of  the  firft  Image  is  as  /ft,  but  *f 
we  fpeak  of  the  fecond,  whofe  Diameter  is  as  n  I 1|  j  therefore  the  Diame-  j| 

nl 

ter  of  the  Pidture  is  as  —7—,  and  the  Clearnefs  in  the  duplicate  Ratio  of 
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this  Fradtion 
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The  Diftindtnefs  of  every  one  of  the  Points  is  had  by  confidering  the 
Spot,  which  reprefents  a  Point  of  the  Objedt  in  die  Image,  the  Diameter 

yid  3 

of  which  Spot  is  as  —  *,  this  in  the  laft  Image  is  as  ~~jr>  and  the  Pidture  * 


nal 


are  alfo  conftant  for  all  Telefcopes  equally 


of  it  in  the  Eye  as  — —  +. 

//* 

If  therefore  the  Clearnefs  and  Diftindtnefs  of  Telefcopes  be  the  fame, 

thefe  Fradtions  and 

nl  fT 

perfedt.  Therefore  we  may  put  each  Fradtion  equal  to  a  conftant  Quan¬ 
tity,  which  we  denote  by  Unity ;  but  thefe  are  not  therefore  equal  to 
one  another  j  becaufe  we  do  not  fpeak  of  the  fame  Unity  for  both 
Fradtions. 

We  have  now  two  Equations,  which  we  change  into  thefe  af~nl  and 
na i  =  flx ;  either  gives  the  Value  of  f  \  which  being  compar’d  we  have 
nl  na1 

- - =— — •,  that  is,  /.| :=za,  as  has  been  faid  in  N.  3378,  where  we 

Cl  / 

obfeiVd,  that  this  Rule  agreed  with  that  which  was  given  for  the  New¬ 
tonian  Telefcope  *,  wherefore  in  all  catoptric  Telefcopes ,  the  Aperture  is  de¬ 
termin’d  in  the  fame  Manner ,  which  depends  upon  the  Length  alone . 
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Whence  we  deduce,  that  the  Amplification  of  an  Objeft  fieen  through  a 
5 felficope ,  depends  alfo  «£>0«  Length  alone  j  for  this  remaining  the  fame 
the  Aperture  remains,  which  is  in  the  Ratio  of  the  Amplification  *. 

Therefore  in  all  Telefcopes,  of  the  fame  Length,  equally  perfedt,  Ob- 
jedts  appear  of  the  fame  Magnitude,  whether  they  be  Newtonian ,  or  Gre¬ 
gorian  Telefcopes,  or  if  inftead  of  a  fmall  concave  Speculum,  they  have 
a  convex  one  •,  fuch  as  Caflegrain  propofed  *,  who,  although  he  propofed 
his  Telefcope,  which  differ’d  little  from  the  Gregorian  Telefcope,  a  long 
Time  after  the  Defcription  of  the  Gregorian  Telefcope  was  madepublick, 
call’d  himfelf  the  Inventor,  becaufe,  as  it  feems,  he  had  not  feen  Gregory’s 
Book. 

Now  to  difcover/,  we  muff  have  Recourfe  to  the  Equation  af—nl *  ; 
inftead  of  al  fubftitute  the  Value  l~  and  there  is  given//*  =  #/,  or/=r 

i 

n  l  *,  as  has  been  fhewn  above  ff. 

We  have  feen  that  n  in  the  Gregorian  Telefcopo  may  be  changed  at 
Pleafure  *  ;  then  all  Things  remaining  the  fame  /  only  muft  be  changed 
in  the  fame  Ratio  ♦,  for  /  remaining,  /  is  changed  as  ny  in  the  laft  Equa¬ 
tion  in  the  Newtonian  Telefcope  n  =  1  -f  ;  and,  if  this  be  compar’d 
with  the  equal  Gregorian  Telefcope,  the  Diftances  of  the  Foci  of  the 
Eye  Glades  will  be  to  one  another,  as  1  to  n  *,  and  thus  any  catoptric 
Telefcopes  are  compar’d  together. 

But  if  dioptric  Telefcopes  are  to  be  compar’d  with  catoptric  ones,  two 
Determinations  by  Experiments  are  requir’d.  For  the  Dilperfion  of  the 
Rays,  upon  which  the  Diftindtnefs  of  the  Objedts  depends,  is  not  fubjedt 
to  the  fame  Laws  in  thefe  different  Telefcopes :  In  catoptric  Telefcopes , 
the  Light  in  the  Spot ,  which  is  the  Reprefientation  of  the  Pointy  is  fuddenly 
voeakertd^  as  you  recede  from  the  Center ,  hut  not  in  others  in  the  fame  man¬ 
ner .  Therefore  we  fuppofe  the  Telefcopes  mention’d  in  N.  3328,  3356, 
to  be  equally  perfedt.  And  the  Comparifon  will  be  founded  upon  the 
Rule  deliver’d  above  %  by  which  it  appears,  that  Telefcopes  of  any 
kind,  if  they  be  equally  perfedt,  amplify  Objedts  equally,  when  the 
Apertures  are  equal ;  the  Demonftration  of  which  is  univerfal 

Let  A  be  the  Aperture,  and  L  the  Length  of  the  dioptric  Telefcope 
given  j  a  the  Aperture,  l  the  Length  of  the  catoptric  Telefcope  given  •, 
x  and  2  the  Lengths  of  two  other  Telefcopes,  of  which  the  firft  is  a 
dioptric,  the  other  a  catoptric  Telefcope,  which  are  equally  perfedt  with 
thofe  given,  and  agree  among  themfelves  as  far  as  relates  to  the  Amplifi¬ 
cation,  that  is,  have  equal  Apertures. 

A2# 


Then  L,  x  :  :  A5 


L 


=  the  Square  of  the  Diameter  of  the  Aper- 
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And  /*,  z 3  :  :  a4. 
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the  Biquadrate  of  the  Diameter  of  the 
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Thefe  Apertures  are  equal,  therefore 


A4# 

7E7 


a4  z* 
l 


A4  ^4 

The  Quantities  and 


^  —  are  conflant*,  whatfoever  the  Telefcopes 

given  be.  Let  us  fuppofe  thefe  to  be  as  i  to  w,  and  we  fhall  have  xz  = 
;  now  according  to  N.  3228  and  3256,  let  A=  3  ;  L  =  30  ;  ^=5  j 
it  will  be  w  =  55-,  whence  appears  what  was  mention’d  above. 

We  ought  to  take  Notice  here,  that  the  Rule  of  N.  338 3  does  not 
very  accurately  agree  with  the  Telefcopes  of  N.  3328  and  3356,  unlefs 
we  increafe  the  Diflance  of  the  Focus  of  the  Eye  Glafs  in  the  Hugenian 
Telefcope  of  an  Inch.  Hugens  determin’d  the  Diflance  of  the  Focus 
three  Inches  and  three  tenths  (for  there  is  an  Error  in  N.  3228.)  we 
ought  to  put  three  Inches  and  a  third  *,  then  in  thefe  Telefcopes  the  linear 
Amplifications  are  108  and  180,  accurately  to  one  another  as  3  to  5,  that 
is,  as  the  Diameters  of  the  Apertures. 

We  have  already  obferv’d  that  many  Things  muft  be  alter’d  in  Te¬ 
lefcopes  according  to  Cireumflances  *  ;  among  other  Things  we  faid, 
that  Glaffes  are  not  equally  perfedl  ;  which  muft  alfo  be  referr’d  to  Spe- 
culums  •,  which,  as  well  as  Glaffes,  are  not  always  made  of  equally  fit 
Matter  ;  all  thefe  Things  we  fet  afide,  as  has  been  faid  before. 


231 


34*3'. 


CHAP.  XVIII. 

Of  the  Magic  Lantern . 

THERE  are  feveral  other  Machines  conflruCted,  in  which,  3424, 
by  Speculums  and  Lenfes  joined,  ufeful  and  pleafant  Specta¬ 
cles  are  reprefented 5  the  Explanation  of  which  is  eafily  deduc’d 
from  what  is  faid  before., 

I  fhall  make  choice  of  one  only,  among  others,  to  be  explain’d,, 
whereby  Figures,  painted  on  a  lmall  Glafs,  are  reprefented  very 
large  upon  a  white  Plane.  The  Phaenomenon  is  ftrange  enough,, 
to  deferve  a  particular  Explanation.  The  Machine  is  called  a 
Magic  Lantern ,  whereby  it  is  reprefented ;  not  indeed  paffed  over 
by  optical  Writers,  yet  not  fufficiently  treated  of. 

There  is  a  Wooden  Box,  about  a  Foot  and  an  half  long,  whofe  3425. 
Breadth  and  Height  is  fourteen  Inches;  in  this  there  is  a  concave  Plate  109« 
Speculum  S,  of  eight  Inches  Diameter,  the  Diameter  of  whofe  Fig.  1. 
Sphere  is  a  Foot  and  an  half :  This  Speculum  is  applied  to  a  Stand, 
which  moves  between  Rulers  along  the  Box. 

There  is  alfo  in  this  a  Lamp  L,  which  is  fupported  by  a  Wooden  342  6>* 
Stand,  movable  between  Rulers  at  the  Side  of  the  Box,  along  it. 

The- 
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3428. 


3429- 


343°- 


The  Tube  of  the  Lamp  is  prominent  in  fuch  manner,  that  the 
Center  of  the  Flame  anfwers  to  the  Center  of  the  Surface  of  the 
Speculum  ;  this  Flame  confifts  of  four  Flames,  which  mutually- 
touching  one  another  make  a  lquare  Flame,  whofe  Side  exceeds 
two  Inches. 

There  is  an  oblong  Aperture  in  the  upper  Plane  of  the  Box,  which 
is  clofed  with  a  Cover,  moveable  between  Rulers ;  through  this 
pafles  C,  which  (as  appears  in  Fig.  3.)  Hands  out  above  the  Box 
about  a  Foot  and  an  half  high.  This  is  moveable  with  it’s  Top  ; 
the  aforefaid  Aperture  remaining  fliut  ;  which  is  plac’d  fo  that  it 
may  anfwer  to  the  Lamp. 

In  the  fmaller  Side  of  the  Box  there  is  a  round  Hole,  of  the 
Diameter  of  five  Inches ;  in  which  there  is  a  convex  Glafs  V  of  the 
fame  Diameter :  This  is  terminated  on  both  Sides  by  a  convex  Sur¬ 
face,  a  Portion  of  a  Sphere,  whofe  Diameter  is  equal  to  one  Foot : 
If  an  Axis  of  this  Glafs  be  conceived,  it  will  be  perpendicular  to 
the  Surface  of  the  Speculum  in  the  Center  of  it,  as  alfo  to  the  Plane 
of  the  Flame  through  whofe  middle  Point  it  pafles. 

This  Hole  is  fliut  and  open’d  by  means  of  a  Board  moveable  be¬ 
tween  Rulers,  which  is  mov’d  by  a  Cylinder,  Handing  out  of  the 
Box  at  E. 

The  Tube  T  anfwers  to  this  Hole  without  the  Box,  whofe  Length 
and  Diameter  are  about  fix  Inches,  in  whofe  Extremity  there  is  a 
Ring,  in  which  a  fecond  Tube  t  moves,  of  the  Diameter  of  about 
four  Inches,  and  Length  of  five  or  fix  Inches. 

In  this  fmaller  Tube  there  are  two  Lenfes ;  the  firfl  at  the  Ex¬ 
tremity  which  is  thruft  into  the  Tube  T,  and  which  is  of  the  fame 
Convexity  with  the  Glafs  V,  and  of  the  Diameter  of  three  Inches 
and  an  half  5  the  fecond  Lenle,  which  is  three  Inches  diflant  from 
the  firft,  is  more  plane  and  terminated  by  Portions  of  a  Sphere  of 
the  Diameter  of  four  Feet.  Between  thefe  Glafles,  at  the  Diflance 
of  an  Inch  from  the  fecond,  there  is  a  Wooden  Ring,  with  which 
the  Tube  is  clofed,  a  circular  Aperture  being  left,  of  the  Diameter 
of  an  Inch  and  a  quarter. 

The  Objects  to  be  reprefented  are  painted  upon  plane  and  thin 
Glafs,  which  is  moved  without  the  Box  near  the  Glafs  V,  between 
this  and  the  Tube  T,  the  Pidture  being  in  an  inverted  Pofition.  If 
thefe  Glafles  be  round,  they  have  the  Diameter  of  five  Inches ; 
that  they  may  be  conveniently  mov’d,  they  are  faflen’d  in  a  Frame 
of  Wood,  and  three  may  be  put  into  the  fame  Frame.  The 
Figures  are  alio  painted  upon  long  Glafles,  which  are  alfo  put  into 
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wooden  Frames,  and  the  Figures  are  reprefented  fucceffively. 

Thefe  Frames  move  between  the  Rulers  RP,  R  P,  which  are  Plate  no. 
join'd  to  the  fquare  Board  M,  to  which  is  fatten’d  the  Tube  T.  Fig.  i. 

This  whole  Box  is  fupported  by  a  Stand,  whereby  it  is  fix’d  at  343  i- 
any  Height,  within  certain  Limits;  the  Planes  7iy  are  join’d  to  Plate  109, 
the  Box,  and  are  mov’d  between  Rulers  along  the  Planes  m,  my  Fig-  Z- 
which  make  the  Stand ;  in  each  of  them  there  is  a  Slit ;  the  Box 
is  placed  at  the  Height  required,  by  Means  of  Screws  fixed  in  the 
Stand,  as  c,  and  which  move  along  the  Slits. 

Experiment  i. 

The  whole  Machine  is  plac’d  at  the  Dittance  of  fifteen,  or  twenty,  3432, 
or  thirty  Feet  from  a  white  Plane,  which  is  different  according  to 
the  Magnitude  of  this  Plane ;  for  this  Dittance  fhould  exceed  the 
Length  of  the  Plane  but  a  little.  The  Box  is  fatten’d  at  fuch  an 
Height,  that  the  Glaffes,  in  the  Side  of  the  Box,  may  anfwer  to 
the  middle  of  the  Plane.  The  Lamp  being  lighted  the  Box  is 
fhut,  and  the  Figures,  painted  upon  the  Glafs,  are  reprefented  up¬ 
on  the  white  Plane.  By  moving  the  Tube,  in  which  the  two 
Lenfes  are,  we  difcover  the  Pofition  of  it  requir’d  to  make  the  Re- 
prefentation  diftindt. 

But  the  Difpofition  of  the  Parts  of  this  Machine,  which  are  of 
ufe  in  exhibiting  this  Spectacle,  mutt  be  more  particularly  explain’d. 

The  Parts  are  thefe,  S  S  the  Mirror ;  / /  the  Flame  ;  this  confifts  343  3, 
of  four  Flames  in  the  Line  //;  VV  is  the  Glafs  reprefented  by  V,  PI.  109. 
Fig.  1 ;  O  O  is  the  Pidture  in  the  finall  Glafs  Plane ;  a  a  the  large  Fig.  2. 
Lenfe ,  d  d  a  planer  Lenfe ;  b  b  the  wooden  Ring  between  the 
Lenfe ;  f  the  Aperture  of  the  Ring,  that  is,  the  Hole  in  the  mid¬ 
dle  of  it. 

All  thefe  Things  being  plac’d,  as  has  been  already  explain’d,  and  343  4* 
as  is  feen  in  this  Figure ;  the  Rays,  which  proceed  from  the  Point 
of  the  Pidhire  O  O  in  patting  through  the  Lenfe  a  ay  diverge  lefs, 
and  come  to  the  Lenfe  d  d*y  as  if  they  proceeded  from  a  more  *  3011. 
remote  Point,  out  of  which  they  go  converging  -f~,  and  are  collected  ^  3011. 
upon  the  Surface  of  the  white  Plane,  and  make  a  Pidture  of  that 
Point  of  the  Figure  in  the  Glafs  J  ;  the  Figure  in  the  Glafs  is  en-  +  3058. 
lighten’d  both  by  Rays  proceeding  from  the  Flame  //,  and  by  Rays 
reflected  from  the  Mirror  S  S. 

In  order  to  make  this  Machine  perfedl  it  is  requifite,  1.  That 
the  Figure  GO  be  enlighten'd  as  much  as  poffible.  2.  That  it  be 
enlighten’d  equally  in  all  it’s  Parts,  3  .  That  ail  the  Light  by  which 
Vol.  II.  Hh  all 
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all  the  Points  of  the  Figure  are  enlighten'd,  pafs  through  the 
Lenfes  a  a,  dd^  to  the  white  Plane,  and  ferve  to  exhibit  the  Re- 
prefentation.  4.  Laftly,  that  only  this  Light  may  go  out  of  the 
Box,  that  the  Reprefentation  may  not  be  lefs  vivid  by  Means  of 
the  extraneous  Light. 

The  firft  Thing  requir’d  depends  upon  the  Magnitude  of  the 
Flame  and  the  Speculum,  as  alfo  the  Concavity  of  it ;  the  more 
the  Speculum  is  hollow’d,  the  nearer  O  muft  it  be  mov’d  to  the 
Flame,  and  the  Rays  are  intercepted  in  a  greater  Number,  and 
refledted: ;  but  Care  muft  be  taken,  that  the  Speculum  does  not  grow 
too  hot,  which  is  beft  made  of  Glafs. 

But  the  Flame  and  Speculum  being  given,  that  the  Picture  may 
be  enlighten’d  as  much  as  poffible,  and  every  where  equally,  the 
Flame  and  Speculum  are  fo  order’d,  that  the  inverted  Reprefen¬ 
tation  of  the  Flame  *  may  fall  upon  the  Pidture  itfelf :  But  as  the 
Reprefentation  of  the  Flame  may  be  increas’d  and  diminifh’d 
the  Speculum  and  Flame  are  to  be  fo  plac’d,  that  the  Reprefentation 
of  the  Flame  may  cover  the  whole  Pidture  on  the  Glafs,  and  not 
exceed  it.  For  then  the  Pidture  is  illuminated  as  much  as  poffible 
by  the  reflected  Light,  and  all  it’s  Pictures  are  equally  illuminated  $ 
the  Light  alfo  falls  diredtly  upon  all  the  Points  of  the  Pidture; 
which  is  fenfibly  equal ;  the  Flame  being  brought  near,  this  Light 
would  indeed  be  increafed,  but  the  reflected  Light  would  be  di- 
minifhed  ;  and  this  would  be  diminifhed  more  than  that  would  be 
increafed. 

The  Ufe  of  the  Glafs  VV  is  to  bend  the  Light  with  which 
the  Pidture  O  O  is  enlighten’d,  before  that  comes  to  it,  becaufe 
by  the  Infledtion  all  the  Light  comes  to  the  Lenfe,  a  a ,  and  is  of 
ufe  towards  the  Reprefentation  upon  the  white  Plane. 

All  the  Light,  which  is  of  Service  to  this  Reprefentation,  pafles 
through  the  Hole  f ;  and  the  Rays  proceeding  from  different  Points 
mutually  interfedt  one  another ;  wherefore  the  Pidture  which  is 
inverted  upon  the  Glafs,  appears  eredt  upon  the  white  Plane  ;  all 
the  Rays,  which  are  of  no  Ufe  to  make  the  Reprefentation,  are 
intercepted  by  the  Ring  bb ,  that  they  may  not  enter  into  the 
Chamber  and  make  the  Pidture  lefs  vivid.  This  Ring  alfo  inter¬ 
cepts  the  Rays,  whereby  one  Point  would  be  more  enlighten’d  than 
another,  by  which  the  Light,  which  is  indeed  equable  enough, 
from  what  has  been  before  faid,  becomes  {till  more  equable.  Except 
the  Ring  bb  be  exadtly  in  the  Interfedlion  of  the  Rays,  it  does  a 
great  deal  of  Harm. 
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Experiment  2. 

A  Spectacle  like  that  which  we  had  in  the  firfl  Experiment,  is  3440. 
more  conveniently  and  more  diftindtly  reprefented  in  the  Day  Time, 
i£  the  painted  Figures  be  enlighten’d  by  Rays  of  the  Sun. 

A  thick  board  H  is  applied  to  a  Window,  which  flops  a  Hole  3441. 
in  the  Window-Shutter.  At  N  there  is  an  Aperture  Q,  which  on  PI.  no. 
the  outfide  is  cover’d  with  thin  Paper  rubb’d  over  with  Oil.  F.  1,2,  3... 

To  the  Board  N  is  applied  M  with  it’s  Tube  T  in  fuch  man¬ 
ner,  that  the  Interflice  between  the  Rulers  R  P,  R  P,  may  anfwer 
to  the  Slits  L  I,  L  I  (one  of  which  only  appears  in  the  Figure)  in 
the  Rulers  HG,  HGj  that  the  Frames  together  with  their  Fi¬ 
gures  may  be  conveniently  mov’d  along  the  Aperture  Q.  We  put 
into  the  Tube  T  what  was  mention’d  above  %  and  what  was  re- *3429.34 p,x 
prefented  in  Fig.  3.  in  which  the  Section  of  the  whole  Machine 
through  the  Axis  is  delineated  ;  C  C  is  the  oil’d  Paper ;  O  O  the 
painted  Glafs  5  the  reft  is  explain’d  above  *fy  and  mark’d  with  the*  3433. 
fame  Letters  here. 

When  the  Sun’s  Rays  fall  upon  the  Paper,  the  Figures  are  ftrong-  3442» 
ly  illuminated,  and  are  reprefented  upon  a  white  Plane,  oppofite 
to  the  Window,  as  in  the  laft  Experiment  *.  *  343,2» 

If  the  Paper  be  taken  away,  by  reafon  of  the  Obliquity  of  the 
Sun’s  Rays,  the  Experiment  does  not  anfwer  well 
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Part  IV.  Of  Opacity,  and  Colours. 


CHAP.  XIX. 

Of  the  Opacity  of  Bodies . 

'iA.A-7.  HERE  is  no  Body  whofe  pnallejl  Parts  are  not  transparent ; 

^  ‘  /  Thofe  who  often  ufe  Microfcopes  do  not  in  the  leall  doubt 

of  this :  There  are  fome  Parts  of  Metals,  which,  though  very 
fmall,  do  not  tranfmit  Light :  Yet  if  they  be  divided  in  Menftru- 
ums  3  that  is,  if  they  be  divided  into  much  lefler  Parts,  they  will 
become  tranfparent. 

3444.  The  leaft  Parts  of  all  Bodies,  that  is,  thofe  which  feparate  the 
ultimate  or  fmalleft  Pores,  are  perfectly  folid  3  of  thefe  we  do  not 
here  fpeak  :  But  there  are  greater  Parts  formed  by  the  Parts  left  by 
thefe  Interfaces,  which  are  join’d  together,  greater  Interfaces  re¬ 
maining,  and  of  which  perhaps  the  greater  Parts  are  formed, 
which  Parts  again  may  ferve  to  form  greater  ftill,  and  fo  the  Parts 
and  Interfaces  between  them  have  a  farther  Increafe.  When  we 
fpeak  of  fmall  Parts,  we  underftand  fuch  as  are  exceeding  little, 
whofe  Pores  do  not  exceed  a  certain  Bignefs  3  and  by  Pores  we 
underftand  the  greater  Interftices  in  the  Pores  of  thofe  Parts  which 
thefe  Parts  have  between  them. 

3445.  It  is  ealily  proved  by  an  Experiment,  that  Light  can  pafs  through 
moft  opaque  Bodies. 


3446. 


1. 


Experiment 

If  in  a  dark  Room,  into  which  the  Sun’s  Light  comes  through 
a  Hole,  the  Hole  be  cover’d  by  a  thin  Plate  of  Wood,  the  Light 
will  pafs  through  it  3  the  Hand,  when  applied  to  the  Hole,  does 
not  intercept  all  the  Light.  But  this  Experiment  does  not  prove 
that  the  Parts  of  opaque  Bodies  are  perfe<My  tranfparent  3  for  this 
only  obtains  in  fmall  Parts. 


2 


Opacity 


Chap.  19.  of  Natural  Phiiofophy. 

Opacity  does  not  arife ,  as  is  commonly  imagined,  from  the  Stoppage 
of  the  Particles  of  Light  by  Particles  of  Matter ;  for  Light  paffes 
through  all  the  fmalleft  Parts  of  Bodies ;  nor  is  fuch  an  Interception 
of  Light  of  any  Ufe  in  caufing  Opacity ;  for  this  it  is  required  that 
the  Light  be  reflected  and  deflected  from  a  Right  Line,  in  the  Per¬ 
formance  of  which  there  is  only  required  a  Separation  of  two 
Mediums  *. 

Let  us  fuppofe  a  Body  confiding  of  very  final!  Parts  perfectly 
tranfparent,  fuch  as  are  the  Particles  of  which  Bodies  are  made  ~j~, 
feparated  from  one  another  by  Pores ;  and  that  thofe  Interdices  are 
either  void  or  fill’d  with  a  Medium  differing  in  refracting  Force 
from  that  of  the  Particles  ;  if  Light  enters  fuch  a  Body,  it  will 
every  Moment  fall  upon  a  Surface  feparating  Mediums  of  a  different 
refracting  Force ;  and  therefore  it  will  undergo  innumerable  Re¬ 
flexions  and  Redactions  *  in  that  Body ;  and  it  is  fo  difperfed  in  the 
Body,  that  it  is  eafily  all  intercepted.  Some  of  it  often  paifes 
through,  but  the  right  lined  Motion  is  entirely  didurb’d  f. 

We  fee  therefore  that  Opacity  depends  upon  the  Pores ;  for  if  you 
fill  the  Pores  with  a  Medium  of  the  fame  refracting  Force  as  the 
Particles  of  the  Body  themfelves ,  the  Light  will  undergo  no  Reflexion 
or  RefraCtion  in  the  Body,  but  pafs  direCtly  through  ;  and  the  Body 
will  be  tranfparent , 

Experiment  2. 

If  Paper  be  moiden’d  with  Water,  it  becomes  more  tranfparent, 
for  it  fills  the  Pores,  and  differs  lefs  in  refraCting  Force  from  the 
Particles  of  the  Paper  than  Air  does.  Oil  produces  the  fame 
EffeCt. 


Experiment  3. 

Take  a  Piece  of  Glafs,  two  Inches  thick ;  take  feveral  Plates  of 
the  fame  Glafs,  which  being  laid  upon  one  another,  are  not  alto¬ 
gether  quite  two  Inches  thick ;  thefe,  though  they  are  fmooth  on 
each  Side,  will  be  lefs  tranfparent,  than  a  Piece  of  Glafs,  whofe 
Parts  all  cohere  together,  becaufe  of  the  Air  that  is  between  the 
Plates.  . , 

Experiment  4. 

Take  three  Plates  of  fuch  Glafs  of  which  Speculums  are  made, 
placing  them  upon  one  another,  whofe  four  Surfaces,  which  are 
apply’d  to  one  another,  are  made  rough  by  rubbing  Sand  upon 

them; 
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them  ;  the  two  outward  Surfaces  are  fmooth.  Thefe  Plates  are 
opaque.  If  they  be  apply’d  to  Paper,  upon  which  Letters  are 
written,  or  upon  which  Figures  are  drawn,  we  perceive  nothing 
of  them.  If  the  faid  rough  Surfaces  be  then  anointed  with  Oil  of 
Turpentine,  and  they  be  again  applied  to  one  another  in  the  fame 
manner,  the  Figures,  which  are  cover’d  with  the  Glafies,  appear 
diftindtly  enough.  But  the  Glafs  Plates  are  not  perfectly  tranfparent, 
the  Oil  of  Turpentine  does  not  exactly  agree  with  the  Glafs  in  it’s 
refradting  Force  ;  in  the  Paffage  of  Light  out  of  the  Oil  into  the 
Glafs  the  Sines  of  Incidence  and  Refradtion  are  nearly  as  60  to  59. 

But  we  fee  plainly  how  Bodies  become  tranfparent,  in  the  firft 
Experiment  of  the  fixth  Chapter  of  this  Book  *,  becaufe  the  Oil  of 
Olives  has  the  fame  refradting  Force  as  the  Borax,  of  which  many 
Pieces  may  be  ufed. 

What  has  been  faid  about  Opacity  is  farther  confirmed,  and  put- 
out  of  all  Doubt  by  innumerable  Experiments,  by  which  Bodies 
perfectly  tranfparent  become  opaque  by  the  Separation  of  their  Parts „ 
without  the  Intervention  of  any  opaque  Body. 


/ 


3455- 


Experiment  5. 

Let  any  Liquid  perfedtly  tranfparent,  which  may  be  changed  into 
Froth,  be  agitated  till  it  be  full  of  Bubbles,  it  will  immediately  be¬ 
come  opaque,  becaufe  the  Interfiles  are  fill’d  with  Air. 


Experiment  6. 

3456.  Turpentine  and  Water  are  tranfparent  Bodies;  but  if  they  are 
mixed,  they  form  an  opaque  Body. 


Experiment  7. 

3457.  Water  and  Oil,  by  being  mix’d,  become  opaque;  though  when 
feparate  they  are  tranfparent. 

Experiment  8. 

3458.  Glafs,  though  never  fo  tranfparent,  when  reduced  to  PoWdaer,  be¬ 
comes  opaque.  So  likewife  it  does  when  it  is  cracked. 

3459.  In  all  thefe  Cafes  we  clearly  fee  that  Opacity  is  produced,  be¬ 
caufe  there  is  a  Medium  of  a  different  refradting  Force  between 
the  tranfparent  Parts ;  which  alfo  is  obferv’d  in  the  Clouds,  which 
are  opaque,  becaufe  of  the  Air’s  Interpolation  among  the  Particles 
of  Water. 


If 


\ 


Chap.  20.  of  Natural  Philofophy . 

If  to  thefe  we  add,  what  is  faid  in  what  follows,  concerning  the 
Colours  of  thin  Plates ;  we  fhall  have  new  Experiments,  by  which 
it  is  fully  proved  that  Bodies  intercept  Light,  becaufe  they  confift 
of  thin  Particles,  encompaffed  with  a  Medium  differing  from  them 
in  refrading  Force. 

Some  opaque  Bodies  refled  a  little  Light,  and  the  Light  remain¬ 
ing  is  by  the  innumerable  Divifions,  which  it  undergoes  in  the  faid 
Reflexions  and  Refradions,  extinguifhed  in  the  Body ;  fuch  are 
black  Bodies ;  if  there  were  any  Bodies  perfectly  blacky  they  would 
reflect  no  Light  at  all ;  for  all  Bodies,  when  no  Light  falls  upon 
them,  and  they  refled  no  Light,  appear  black. 

Other  opaque  Bodies  appear  of  feveral  Colours ;  fome  tranfparent 
Bodies  are  alfo  ting’d  with  Colours :  Whence  thefe  arife  we  fhall 
npw  examine. 
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CHAP.  XX. 

Of  the  different  Refrangibility  of  the  Rays  of  the  Sun< 

and  their  Colours . 

BODIES  appear  differently  colour’d,  though  they  be  en¬ 
lighten’d  by  the  fame  folar  Rays,  that  are  refleded  by  them : 

There  are  befides  feveral  Phenomena  of  Light  with  regard  to 
Colours,  which  muft  not  be  paffed  by. 

In  thefe  three  Things  are  to  be  obferv’d  :  1.  The  Rays  muft  be  3464. 
examined,  as  they  flow  from  the  Sun.  2.  Their  Reflexion  muft 
be  obferv’d.  3.  We  are  to  enquire  into  the  Make  of  the  Surfaces 
of  Bodies  differently  colour’d. 

As  to  the  Rays,  the  firft  Property  to  be  here  taken  Notice  of,  is, 

that  all  Sorts  of  Rays  do  not  Juffer  the  fame  Refraction  underlie  3465. 

Circum  fiances. 

%/ 

Definition  i. 

The  Rays  which  undergo  fuch  a  different  R  fraction  y  are  faid  to  3466* 
have  a  different  Refrangibility ,  and  thofe  to  be  more  refrangible , 
which  are  more  inflected  by  RefraBion. 

Definition  2. 

Thofe  Rays  are  faid  to  be  homogeneous  which  do  not  differ  from  one  3467* 
another  in  Refrangibility. 
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Definition 
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Definition  3. 

All  thofe  are  called  heterogeneous ,  which  are  not  equally  infeEled  by 
Refraction  under  the  fame  Circumjlances . 

Let  there  be  a  Sun-Beam  between  A  B  and  C  D,  made  up  of 
an  innumerable  Number  of  parallel  Rays;  all  thefe  do  not  fuffer 
an  equal  Refraction ;  for  if  they  fall  obliquely  upon  the  Surface 
B  D  of  the  more  refracting  Medium,  fome  of  them  are  refraCted 
between  B  E  and  D  G,  and  are  moved  according  to  that  Direction 
in  the  Medium  ;  others  are  more  infleCted,  and  direCt  their  Motion 
between  B  F  and  D  H,  in  the  Direction  of  thofe  Lines ;  nor  can 
there  be  conceiv’d  any  intermediate  Direction,  along  which  fome 
Rays  do  not  move,  in  all  the  Points  B  and  D :  So  that  the  leaft 
Ray  whatfoever  is  by  RefraClion,  divided  into  innumerable  other 
Rays;  becaufe  every  Ray ,  as  it  proceeds  from  the  Sun ,  though  never  fa 
finally  is  heterogeneous ,  and  confifls  of  innumerable  Rays  of  all  Degrees 
of  Refrangibility . 

The  parallel  Rays  aforefaid,  falling  upon  the  plane  Surface  B  D, 
are  moved  between  BE  and  D  H  by  RefraCtion ;  which  Lines 
diverge  more  and  more  from  each  other,  and,  being  continued, 
are  more  and  more  feparated  ;  fo  that  the  Rays  abovemen tion’d  are 
difperfed  by  RefraCtion.  In  N.  2859  we  have  confideP d  the  Rays  as 
homogeneous ,  as  alfo  every  where  in  the  fecond  Part  of  this  Book ; 
we  have  taken  notice  of  a  different  Refrangibility  in  one  Cafe  only ; 
the  Difference  of  the  Refrangibility  in  the  Sun’s  Rays  is  fo  fmall 
that  it  might  have  been  negleCted  in  what  has  been  already  faid. 
What  happens  to  homogeneous  Rays  w^as  alfo  firft  to  be  examin’d ; 
and  what  Alterations  are  to  be  made  in  the  Proportions,  by  reafon 
of  the  different  Refrangibility,  will  eafxly  appear  to  every  Body. 

In  order  to  make  the  different  Refrangibility  of  Rays  vifible,  the 
Divergency  aforefaid  muff  be  increafed ;  which  will  be  done,  when 
the  Rays  abovemention’d  fall  upon  the  Surface  E  H,  which  ter¬ 
minates  the  more  refracting  Medium,  and  feparates  it  from  the 
lefs  refraCting  Medium,  and  which  makes  any  Angle  with  the 
Surface  B  D,  but  lefs  than  eighty  Degrees,  if  Glafs  be  ufed ;  but 
the  Surface  E  H  is  fo  inclin’d  to  B  D,  that  the  Rays,  which  are 
more  refrangible*  fall  more  obliquely  upon  it  than  thofe  that  are 
lefs  refrangible ;  fo  that  the  former,  in  paffing  into  the  lefs  refraCting 
Medium,  are  more  turned  out  of  their  Way,  and  diverge  more  from 
the  others,  for  two  Caufes,  the  greater  Refrangibility,  and  the 
greater  Inclination.  The  lefs  refrangible  Rays  continue  their  Mo¬ 
tion  between  B  E  and  D  G,  being  refraCted  a  fecond  time,  they 

continue 


continue  their  Motion  between  E I  and  G  L,  the  others  between 
F  M  and  H  N  :  In  which  Cafe  if  thefe  Rays  fall  upon  a  Plane,  at 
the  Diftance  of  fifteen  or  twenty  Feet,  the  moft  and  the  lead  re¬ 
frangible  Rays  are  fenfibly  feparated,  and  the  whole  intermediate 
Space  is  enlighten’d  with  Rays  that  have  a  mean  Refrangibiiity  ; 
which  is  fhewn  by  Experiments  made  with  a  triangular  Glafs  Prifm 
through  which  a  Ray  is  tranfmitted  perpendicular  to  the  Axis,  and 
whofe  Sides  are  reprefented  by  the  Lines  B  D  and  E  H. 

But  the  Experiments  that  are  of  ufe  here,  are  to  be  made  in  a  3  47  ^ , 
dark  Place,  the  Light  being  let  in  through  a  narrow  Hole,  as  in  the 
Experiments  of  the  third  Chapter  of  this  Book ;  fometimes  we 
alfo  make  ufe  of  two  Holes  together.  We  have  before  faid  what 
we  muft  do  when  the  Helioftate  is  made  ufe  of  We  have  al-  *  2705. 
fo  fhewn  how  to  proceed,  when  thefe  Experiments  are  to  be  made 
without  it  * ;  but  I  will  now  explain  it  more  clearly, 

In  Window-Shutters  a  fquare  Aperture  is  made  whofe  Side  is  3474- 
four  or  five  Inches,  which  is  clos’d  by  a  Board,  as  T,  which  is  Plate  1 1  o. 
moveable  between  Rulers,  that  it  may  be  changed,  becaufe  feveral  Fig.  5. 
are  required. 

In  this  which  is  now  exhibited  there  is  a  Hole  whole  Diameter  3475. 
is  equal  to  three  Quarters  of  an  Inch  ;  this  is  hollow’d  behind,  that 
the  Objedt  Glafs  of  a  Telefcope  may  be  put  into  it  upon  Occafion. 

The  Board  T  is  alfo  hollow’d  a  little  before,  that  a  thin  round 
Plate  of  Brafs  may  be  put  into  it,  which  is  perforated,  but  not  in 
the  middle;  and  the  Hole  in  this  Plate  anfwers  to  a  Hole  in  T. 

To  this  Plate  is  joined  another  fmaller  concentric  Plate  which 
is  moveable  about  a[Center.  In  this  there  are  feveral  unequal  Holes, 
which  whilft  the  little  Plate  is  turn’d  round  pafs  into  f  in  fuch 
manner,  that  Light  may  be  let  into  the  Chamber  through  a  greater 
or  leis  Aperture,  at  Pleafure. 

When  the  Rays  are  to  be  let  in  through  two  Holes,  we  make  ^476. 
ufe  of  another  Board ;  in  which  there  is  a  greater  circular  Aperture, 
which  is  clofed  by  a  brafs  Plate ;  this  turns  about  in  that,  that  the 
Pofition  of  two  Holes,  which  are  in  this  Plate,  may  be  alter’d. 

We  may  alfo  make  ufe  of  this  Method,  we  clofe  the  fquare  3477- 
Aperture  in  the  Window-Shutters  by  the  brafs  Plate  T,  whofe  PL  no. 
fore-part  is  reprefented  at  t ;  in  which  we  have  mark’d  the  Fig.  6. 
Magnitude  a ,  b ,  d ,  of  the  faid  Aperture.  The  Shutters  are  made 

hollow,  to  receive  the  Plate  T,  which  is  fallen ’d  by  Means  of 
the  fmall  Buttons  h>  h.  In  the  Middle  there  is  a  Holey*  and 
at  the  Angles  there  are  four  others  g9  g>  g ,  g,  whofe  Diameters 
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are  three  Quarters  of  an  Inch  5  but  which  may  be  varied,  and 
clos’d,  by  the  Plates  m>  n ,  n,  n,  n ,  which  turn  upon  the  Centers 
c,  e ,  c,  c,  c. 

When  the  ObjeCt  Glafs  of  the  Telefcope,  which  has  been 
mention’d  above  *,  is  to  be  made  ufe  of,  this  is  retain’d  between 
the  Screws  /,  /,  i. 

In  the  following  Experiments  we  make  ufe  of  Prifms  which 
turn  about  their  Axis,  fpoken  of  above  *. 

Such  a  Prifm  A  B  is  put  upon  a  Stand,  which  is  reprefented  at 
S.  The  Prifm  may  be  laid  upon  the  Stand  at  different  Heights, 
and  fatten’d  by  Means  of  the  Screw  C. 

The  Prifm  may  be  alfo  put  into  a  vertical  Pofition,  then  the  pro¬ 
minent  Part  at  B  is  put  into  the  Hole  and  the  Point  C  is  put 
into  the  Slit  a ,  and  the  Prifm  may  be  fallen* d  by  the  Screw. 

To  this  Stand  is  join’d  the  Board  T  going  into  the  Groove  d,  c , 
and  another  like  and  oppofite  to  this;  the  Face  t  of  this  Board  is 
turn’d  towards  the  Prifm.  In  this  Board  there  are  two  Apertures 
D  and  E,  which  are  clofed  by  the  Rulers  d \  e ,  which  move  be¬ 
tween  other  fmaller  Rulers;  thofe  Rulers  are  perforated  at fg-, 
and  the  Diameters  of  the  Holes  do  a  little  exceed  the  eighth  Part 
of  an  Inch.  Sometimes  two  and  alfo  three  Stands  are  requir’d  > 
but  in  the  others  it  is  fufficient,  if  the  Prifm  be  fix’d  at  one  Height 
only,  and  indeed  that  which  is  here  reprefented ;  it  is  alfo  fufficient 
if  two  of  the  Stands  have  Boards. 

,  '  *  t  C~\  .  \  r  ■  %  4  x  '  •  -2  f  <  4'  /  *  l  \  i  '  f' >  f  l  m 

•  •  *  •  •  ‘  '  ‘  -  *  ^  -  - —  C  i  -  I  J  i  i 

Experiment  i. 

A  Ray  is  let  into  the  Chamber  and  diredled  upwards  in  fuch 
manner,  that  it  may  make  an  Angle  of  about  forty  Degrees  with 
the  Horizon,  but  the  Diameter  of  the  Hole  through  which  the 
Ray  paffes  does  a  little  exceed  a  quarter  of  an  Inch.  The  Ray  is 
tranfmitted  through  the  Prifm  P,  which  is  laid  upon  the  Stand  S  *, 
which  hands  upon  the  moveable  Table  M  *}*,  that  it  may  be  raifed 
to  the  Height  requir’d.  The  Ray  is  directed  perpendicularly  to  the 
Axis  of  the  Prifm,  which  is  fo  plac’d,  that  the  Ray  may  pafs  through 
in  the  fame  manner  as  is  reprefented  in  Figure  4,  Plate  1 10 ;  that 
is,  that  it  may  be  equally  inclin’d  to  each  Surface  of  the  Prifm, 

This  Ray  falls  perpendicularly  upon  the  white  Paper  T,  extended 
upon  a  wooden  rectangular  Limb,  which  coheres  with  the  Stand  P, 
and  may  be  raifed  and  depreffed  and  fix’d  at  the  Height  required  *. 
But  as  the  Ray,  in  paffing  through  the  Prifm,  is  difperfed,  it  makes 

an  oblong  Image,  which  that  it  may  be  diftindtly  perceiv’d,  the 

Paper 


Paper  fhould  be  remov'd  to  the  Diftance  of  fixteen  or  twenty  Feet 
from  the  Prifm. 


We  determine  the  requir'd  Pofition  of  the  Prifm,  and  which  3485. 
was  fhewn  above,  if  the  Prifm  be  turn’d  about  it’s  Axis  a  little,  in 
fuch  manner,  that  the  Image  may  afcend,  which  afterward  defcends, 
if  the  fame  Motion  be  continued  ;  but  the  Prifm  muft  be  fix’d, 
when  the  Image  comes  to  the  greateft  Height,  before  it  defcends 
again. 

How  this  oblong  Image  is  made,  is  deduced  from  what  has  been 
exqlain’d  before  *,  but  I  fhall  now  explain  it  more  diftindtly.  *  3472* 

Let  C  be  a  Point  of  the  Plane,  parallel  to  the  Hole,  againft  34^6* 
which  a  Ray  ftrikes,  which  pafles  from  the  Center  of  the  Sun  Pb  iti* 
through  the  Center  of  the  Hole,  which  we  fuppofe  circular.  All  Fig*  2. 
the  Rays,  which,  proceeding  from  the  other  Points  of  the  Surface 
of  the  Sun,  interfedt  the  firft  Ray  in  the  Center  of  the  Hole,  and 
run  againft  the  Plane,  make  there  an  Image  of  the  Sun  a ,  by  dy 
whofe  Diameter,  the  Plane  being  remov'd  ten  Feet  from  the  Hole, 
would  exceed  one  Inch,  and  which  would  be  increafed  in  the  Ratio 
of  the  Increafe  of  the  faid  Diftance. 

The  Rays,  which  pafs  through  all  the  Points  of  the  Hole,  give 
2  like  Image ;  and  the  Centers  of  them  all  are  in  a  fmall  Circle 
equal  to  the  Hole  itfelf,  for  all  the  Rays  proceeding  from  the  Center 
of  the  Sun  are  taken  for  parallel.  Therefore  all  the  Images  together 
make  the  Image  A  B  D,  which  is  weaken'd  near  the  Limb,  and 
whofe  Diameter  exceeds  the  Diameter  of  the  faid  Image  by  a 
Quantity  equal  to  the  Diameter  of  the  Hole. 

If  all  thefe  Rays  were  homogeneous,  as  they  are  in  the  laft  Ex-  34^7* 
periment,  equally  inclin’d  to  the  Surface  of  the  Prifrn,  in  the  Ingrefs  Ph  Mi* 
and  Egrefs,  the  Direction  of  all  of  them  would  be  only  chang'd.  Fig.  5. 
and  they  would  make  a  like  white  Image  upon  the  Plane.  But  they 
are  heterogeneous  that  pafs  through  the  Prifm,  and  the  moft  refrangi¬ 
ble  ones  give  the  Image  a  b  d  ey  which  in  the  Experiment  is  more 
deprefled  ;  whilft  the  leaft  refrangible  Rays  make  the  Image  ABDE. 

The  Rays  of  intermediate  Refrangibility  give  intermediate  Images, 
whofe  Centers  take  up  the  whole  Line  C  c .  Thefe  Images  jointly 
make  the  oblong  Image  reprefented  in  the  foregoing  Experiment  ; 
and  except  there  were  innumerable  fuch  Images,  the  Image  would 
not  be  terminated  towards  the  Sides  by  Right  Lines;  but  although 
this  Image  is  terminated  toward  the  Sides  by  Right  Lines,  yet  the 
Terms  are  not  diftindt;  becaufe  the  peculiar  Images  are  not  in  the 
Form  of  a  Circle*:  But  at  the  Extremities  A  and  e  the  Light  is*  3486. 

I  i  2  weaken'd 
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weaken’d  through  the  whole  Semi-circle,  and  thefe  Terms  of  the 
Image  are  confus’d. 

But  we  eafily  have  an  Image  diftindly  terminated  towards  the 

Sides. 


347s 


3489- 


* 


Experiment  2. 

3488.  The  Objed  Glafs  of  the  Telefcope  beforementioned  *  is  fix’d  in 
706.3475.  the  Hole,  and  this  Experiment  differs  from  the  laft  in  this  Circum- 
ftance  only.  For  Paper,  or  a  white  Plane,  being  plac’d  at  a  juft 
Diftance,  the  Image  is  terminated  diftindly. 

For  if,  the  Prifm  being  taken  away,  the  Image  of  the  Sun  falls 
upon  the  Plane,  and  the  Plane  be  remov’d  from  the  Glafs  to  a 
Diftance  at  which  the  Glafs  colleds  parallel  Rays  proceeding  from 
all  Points  of  the  Sun’s  Difk,  there  will  be  given  a  round  Image  of 
the  Sun,  as  we  have  feen  of  other  Objeds  *.  When  the  Rays 
pafs  through  the  Prifm,  the  Image  is  made  oblong  from  innumera¬ 
ble  Images  well  terminated. 

What  has  been  feen  concerning  the  different  Refrangibility  in 
Glafs  is  in  the  fame  Manner  obferv’d  in  other  Mediums. 
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Experiment  3. 

The  Box  P  is  made  of  three  Glafs  Plates,  whofe  Bottom  is  of 
Brafs  3  this  is  conftruded,  as  has  been  feen  above  *  5  the  Angles, 
which  the  Planes  make,  are  of  50,  60,  and  70  Degrees. 

Any  Fluid  is  pour’d  in,  as  Spirit  of  Wine,  Oil  of  Turpentine,  &c. 
and  a  triangular  Prifm  is  made  of  the  Matter  pour’d  into  the  Vjeffel, 
whofe  Figure  this  puts  on. 

We  have  Occafion  for  a  Ray  of  the  Sun  let  into  a  dark  Place,  in 
this  Experiment,  as  in  the  foregoing  ones  3  but  it’s  Diredion  muft 
be  horizontal. 

This  is  tranfmitted  through  the  Prifm>  or  Box  mention’d,  which 
if  it  be  empty,  the  Light  paffes  through  in  a  ftrait  Line,  but  if  it 
contains  a  Fluid,  it  is  bent,  as  has  been  feen  above  *.  The  Prifm 
is  difpofed  in  fuch  manner,  that  the  Light  may  be  equally  inclin’d 
to  each  Surface  through  which  it  paffes  •f  5  and  the  Light,  if  it  falls 
upon  a  vertical  Plane  plac’d  at  the  Diftance  of  fixteen  or  twenty 
Feet  from  the  Prifm,  will  give  an  oblong  Image,  as  in  the  forego¬ 
ing  Experiments,  but  horizontal,  whofe  Length  will  be  different, 
according  to  the  different  Angle,  which  the  Surfaces  make,  through 
which  the  Light  paffes,  and  according  to  the  different  refrading 
Force  of  the  Fluid,  contain’d  in  the  Prifm. 
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Let  there  be  a  Spedtator  at  the  Diftance  of  fixteen  or  twenty  3493. 

Feet  looking  at  the  Hole,  through  which  the  Light  is  let  into  the 
Chamber,  that  appears  round ;  if  the  Obfervation  be  made  through 
a  Prifm,  in  fuch  manner,  that  the  Rays  proceeding  from  the  Hole, 
come  to  the  Eyes,  after  Refradtions,  like  thofe  which  the  Light 
undergoes  in  the  mention’d  Experiments,  the  Hole  will  appear  oblong. 

The  Pofition  of  the  Prifm  is  found,  if,  this  being  put  into  a  hori¬ 
zontal  Pofition  with  the  Edge  uppermoft,  in  fuch  manner,  that  the 
Hole  be  raifed,  it  be  turn’d  about  it’s  Axis  a  little,  with  which 
Motion  the  Image  of  the  Hole  afcends  and  defcends,  and  the  Prifm 
be  kept  in  the  Pofition,  in  which  the  Hole  appears  raifed  leaft  of 
all.  The  Prifm  may  alfo  be  put  into  a  contrary  Pofition. 

This  Experiment,  as  well  as  the  foregoing,  proves  the  different 
Refrangibility  of  Rays  ;  for,  by  homogeneous  Rays  of  any  Refran- 
gibility,  the  Hole  appears  remov’d  out  of  it’s  Place,  but  circular. 

The  Rays,  which  undergo  a  different  Refradtion,  enter  the  Eye 
in  different  Diredtions,  and  different  Images  are  given,  which  join’d 
make  an  oblong  Image,  which  is  really  feen. 

Befides  the  different  Refrangibility  of  the  Rays,  the  foregoing  3494. 
Experiments  alfo  fhew  another  remarkable  Difference  between  the 
Rays. 

The  different  Refrangibility  of  the  Rays  is  join'd  with  a  different  3495* 
Colour  5  and  all  the  Rays ,  as  they  are  more  or  lefs  bent  by  Refract  ion  ^ 
have  a  Colour  peculiar  to  themfelves . 

With  Regard  to  Colours  it  muft  be  obferv’d,  as  has  been  already  3496. 
obferv’d  *  concerning  other  Senfations,  that  they  are  Perceptions,*  2310, 
which  have  nothing  common  with  the  Rays,  whereby  they  are 
excited ;  therefore  we  muft  give  a  Definition*  what  we  underftand 
by  colour’d  Rays,  and  colour’d  Objedts, 

Definition  i. 

An  Objeffi  is  faid  to  be  ting'd  with  that  Colour  whofe  Idea  is  excited  3497» 
in  the  Mind  by  Rays  reflected  from  the  Object. 

Definition  2. 

Homogeneous  Rays  which  ftrike  againfl  the  Retina  and  excite  m  the  3498, 
Mind  an  Idea  of  any  Colour ,  are  call'd  Rays  of  that  Colour . 

We  fay  that  Rays  excite  the  Idea;  that  is,  that  Rays  move  the  3499» 
Fibres,  and  that  when  this  Agitation  is  given*  the  Idea  is  prefent 
to  the  Mind. 
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We  find  the  Colours  of  Rays  immediately  in  the  oblong  Image  of 
the  Sun  often  mention’d ;  for  this  Image  is  ting’d  with  different 
Colours . 

The  Rays  that  are  leajl  turn'd  out  of  the  Way  by  Refraftion,  are 
red  Rays ;  the  ref  of  the  Colours  follow  in  this  Order ,  orange ,  yellow , 
green ,  blue,  purple ,  violet ,  the  Rays  of  which  laft  Colour  have  the 
greateft  Refrangibility. 

The  oblong  Image  of  the  Sun,  as  has  been  faid,  is  made  of  in¬ 
numerable  round  Images  * :  If  the  Diameters  of  them  be  dimi- 
nifh’d,  which  is  done  by  intercepting  the  Rays  of  the  Sun  in  fuch 
manner,  that  thofe  only  may  pafs  through  the  Prifm,  which  come 
from  a  fmall  Part  of  the  Surfaces  of  the  Sun,  the  Centers  of  the 
peculiar  Images  making  the  oblong  one  are  not  alter’d  ;  therefore 
the  Length  ah  of  the  Image  between  the  parallel  Lines  is  not 
alter’d.  And  this  only  would  remain,  if  the  Breadth  of  the  Image 
fhouldbe  infinitely  fmall,  and  this  Length  only  were  to  be  confider’d 
in  determining  the  Limits  of  the  Colours  in  the  Image.  Thefe 
are  mark’d  in  the  Figure  by  the  Letters  a ,  by  cy  dy  ey  Jy  gy  hy  and 
the  Number  wrote  againft  every  Colour  denotes  the  Space  taken  up 
by  it  in  the  Image,  the  whole  Length  of  the  Image  being  divided 
into  360  Parts. 

The  Rays  in  the  oblong  Image  are  indeed  feparated ;  neverthelefs 
every  where  many  peculiar  circular  Images  are  confufed,  and 
they  are  no  where  perfectly  homogeneous . 

When  the  Breadth  of  the  Image  is  dimhnfhed  by  the  Method  juft 
fhewn  *,  all  the  Circles  become  fmaller  and  are  confiifed  by  a 
fmaller  Number,  and  thofe,  which  are  confufed,  differ"  lefs  in  Re¬ 
frangibility  ;  wherefore  in  the  whole  Image  the  Rays  are  more  homo¬ 
geneous,  and  the  Colours  more  per feB  -y  and  like  wife  weaker. 

The  Colours  in  the  Image  are  alfo  more  perfedt,  the  fmaller  the 
Hole  is,  through  which  the  Rays  are  let  in ;  becaufe  the  Number 
.  of  the  Images,  which  are  every  where  confufed  *,  is  diminifh’d, 
and  they  have  a  different  Refrangibility  5  the  Image  is  alfo  weaken’d. 

Neverthelefs  the  Colours  become  but  a  little  more  perfedt  by  this 
Method,  the  firft  is  to  be  prefer’ d  *. 

But  if  we  would  have  the  Colours  more  lively,  and  at  the  fame 
Time  more  homogeneous,  we  have  them  in  the  following  Expe¬ 
riment. 

1  EXPERIME  NT  5. 

Rays  proceeding  from  the  Sun  are  let  into  a  dark  Chamber  through 
a  Hole,  whofe  Diameter  is  equal  to  about  the  eighth  Part  of  an 

1  Inch ; 
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Inch  3  the  Direction  of  thefe  is  horizontal,  and  at  the  Distance  of 
eight  Feet  from  the  Hole  they  fall  upon  the  convex  Lenfe  L,  which 
collects  parallel  Rays  at  the  Diftance  of  four  Feet 3  if  thefe  Rays  run 
againft  a  white  Plane  at  the  fame  Diftance  of  eight  Feet  from  the 
Lenfe,  they  will  give  an  Image  of  the  whole  equal  to  it*.  *303 5. 304 5 

But  if  the  Rays  behind  the  Lenfe  be  intercepted  by  the  vertical  3508. 
Prifm  P  *,  they  are  bent,  and  difperfed  Jp,  and  make  the  colour’d  *  3481. 
Image  RVj  by  turning  the  Prifm  about  it’s  Axis  the  Pofition  of -f-  3484, 
the  Prifm  is  fought,  in  which  the  Rays  are  leaft  bent,  and  faften’d  £ ,+  3485. 
the  Paper  T  *  is  plac’d,  that  the  Light  may  fall  upon  it  perpen-*  3484. 
dicularly  3  and  it  is  removed  till  the  Image  be  circular. 

This  Image  has  but  a  fmall  Breadth,  becaufe  it  confifts  of  Images  3509. 
equal  to  that  mention’d  *  3  it  is  vivid,  and  as  the  homogeneous*  3507. 
Images  are  confufed  in  a  fmaller  Number 3  the  Light  is  every  where 
lefs  hetrogeneous  than  in  the  foregoing  Experiments. 

We  have  an  Image  equally  pure,  but  more  broad,  if  the  Light  3510» 
pafles  through  a  vertical  Slit,  above  an  Inch  high,  and  whofePl.  112. 
Breadth  is  equal  to  the  Diameter  of  the  Hole  which  has  been  made  Fig.  2 • 
ufe  of  in  the  Experiment.  The  Slit  may  be  alfo  narrow’d  more, 
and  then  the  Light  is  every  where  more  homogeneous  in  the  Image, 
which  now  makes  a  Parallelogram,  whofe  Breadth  is  equal  to  the 
Height  of  the  Slit.  If  this  Slit  have  the  Figure  of  an  Ifofceles  Triangle  3511«» 
whofe  Bafe  compar’d  with  the  Height  is  fmall,  the  Image  through¬ 
out  it’s  whole  Length  is  more  vivid  near  one  Side,  and  is  weaken’d 
towards  the  other  3  becaufe  the  Slit  is  narrow’d  towards  that  Part, 
through  which  the  Rays  pafs :  Therefore  the  Light  is  alfo  more 
homogeneous,  in  the  Ratio,  in  which  it  is  weaken’d.  , 

The  Demonjlration ,  before  given*,  concerning  the  conflant  Ratio  3512, 
between  the  Sines  of  the  Angles  of  Incidence  and  Refradlion ,  muft  be*  2809, 
referred  to  all  homogeneous  Rays  3  for  it  is  not  confin’d  to  any  certain 
Degree  of  Refrangibility  3  but  this  Ratio  varies,  according  to  the 
different  Refrangibility  3  as  clearly  follows  from  the  Experiments  of 
this  Chapter. 

But  that  Refrangibility  and  Colour  in  all  Rays  are  entirely  un^  35 1 3* 

changeable  3  that  is,  that  they  are  not  alter’d  by  any  Refractions, 
Reflections,  or  Permixtions,  plainly  appears  from  Experiments  to 
be  fhewn  in  the  three  next  Chapters. 
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CHAP.  XXI. 

jT ’hat  Rays  are  not  alter'd  by  RefraBion. 

WE  fhall  now  demonftrate  by  Experiments,  that  the  different 
Ref  Tangibility  of  Rays  is  inherent  in  them,  as  alfo  their  Co¬ 
lour,  and  that  thefe  Qualities  do  not  depend  upon  a  refracting 
Medium,  from  which  Experiments  it  will  appear 5  that  the  Rays , 
which  in  one  Cafe  undergo  the  greatef  RejraBion ,  are  moft  turn'd  out 
of  their  Way  in  any  other  RejraBion  whatever , 

Experiment  i. 

A  Ray,  as  in  the  firft  Experiment  of  the  laft  Chapter,  is  let 
through  a  Prifm,  this  is  difperfed,  and  divided  into  many  Rays, 
which  would  make  an  oblong  Image,  if  they  fell  upon  a  white 
Plane  *  3  but  they  are  intercepted  by  the  vertical  Prifm  C  D,  plac’d 
at  any  Diftance  from  the  firft  Prifm 3  but  the  lefs  the  Diftance  is, 
the  more  fenfible  is  the  Experiment. 

The  Rays  in  pafling,  through  this  fecond  Prifm,  are  bent  fidewife, 
and  the  Prifm  being  mov’d,  till  the  DefleCtion  is  the  greateft  of  all, 
let  it  be  fix’d  3  and  let  the  Rays  fall  upon  white  Paper  perpendi¬ 
cularly. 

The  Rays  are  now  refraCted  by  the  fecond  Prifm  in  the  fame 
manner,  as  by  the  firft,  but  they  are  not  difperfed  in  the  fame 
manner,  which  would  give  a  fquare  Image 3  but  this  is  inclin’d  at 
R  V,  the  Rays  being  turn’d  out  of  their  Way  moft  at  V,  as  in  the 
RefraCtion  through  the  firft  Prifm. 

There  is  alfo  another  different  RefraCtion  of  the  Rays,  not  de¬ 
pending  upon  the  Rays,  but  the  Medium.  Chryftals  and  tranfpa- 
rent  Flints,  though  I  can’t  fay  all,  have  this  wonderful  Property, 
that  they  divide  in  RefraCtion  every  homogeneous  Ray  into  two  3 
which  Separation  is  different  not  only  in  different  Bodies,  and  in 
different  Inclinations  of  the  Rays  3  but  it  is  alfo  different  in  the  fame 
Body,  and  the  fame  Inclination,  according  to  the  different  Pofition 
of  the  refraCting  Surface,  and  the  refraCted  Ray,  with  relpeCt  to  the 
Vein  of  the  Stone  3  but  neither  the  Colour  nor  Refrangibility  are 
alter’d  by  fuch  a  double  RefraCtion,  and  Divifion  of  Light. 
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Experiment  2. 

This  Experiment  was  made  with  a  very  pure  Prifm,  fent  from  3  ^19, 
England,  made  of  a  Brafil  Pebble. 

This  Prifm  is  equi-angular,  and  the  firft  Experiment  of  the  laft 
Chapter  being  repeated  with  this  Prifm,  inftead  of  the  Glafs  Prifm, 
and  this  being  plac’d  in  fuch  Manner,  that  the  Axis  might  be  horizon¬ 
tal  -y  I  obferved  three  different  Phenomena,  according  to  the  dif¬ 
ferent  Angle,  that  was  upwards:  A  double  Refraction  was  always 
difcover’d,  and  two  oblong  Images  were  perceiv’d ;  but  they  were 
not  feparated. 

In  the  firft  Pofition  of  the  Prifm  the  upper  Part  of  the  Image  was  3520. 
painted  with  a  pure  red  Colour,  the  lower  with  a  violet  Colour,  in 
the  whole  intermediate  Space,  it  appear’d  that  there  are  the  fame 
Colours,  which  we  had  before,  but  thefe  were  confufed  and  mix’d 
together,  fo  as  they  fhew’d,  that  there  were  two  colour’d  Images, 
which  did  not  agree. 

In  the  fecond  Pofition  of  the  Prifm,  the  Images  did  lefs  agree,  3521, 
and  the  red  Colour  of  the  upper  Image  was  feparated  more,  as 
likewife  the  violet  Colour  of  the  lower  Image,  and  that  Image  was 
longer. 

In  the  third  Pofition  of  the  Prifm  the  Image  was  extended  very  3522. 
much,  and  they  were  both  feparated  more,  fo  that  the  red  Colour  Plate  1 1 2 
was  entirely  raifed  above  the  lower  Image,  and  likewife  the  orange  Fig.  4. 
Colour,  and  part  of  the  yellow  Colour  of  the  upper  Image ;  where¬ 
by  it  happen’d  alfo,  that  the  violet  Colour,  and  Part  of  the  Purple, 
of  this  Image  was  feparated  ;  the  reft  of  the  whole  Image  was  very 
much  confufed. 

The  Prifm  remaining  in  this  Pofition,  I  tranfmitted  Rays,  going  3523» 
out  of  this,  through  the  vertical  Glafs  Prifm,  as  in  the  laft  Experi¬ 
ment  *.  By  this  RefraCtion  they  were  inclin’d,  and  quite  feparated.  *  3516. 

Thefe  Images  were  parallel,  and  the  Colours  in  the  vertical  Lines  3524. 
correfponded,  and  indeed  in  fuch  manner,  that  it  appeared,  that  the  Plate  1 1 2 
red  Colour  of  each  Image  was  the  leaft  bent  of  all  in  the  fecond  Fig.  5. 
RefraCtion,  and  equally  in  both  Images.  So  alfo  the  two  violet 
Colours  had  the  fame  Refrangibility,  and  the  greateft  of  all. 

Although  it  is  manifeft  enough  from  thefe  Experiments,  that  3^25. 
Colour  and  Refrangibility  are  not  alter’d,  which  is  alfo  confirm’d 
by  many  Experiments,  hereafter  mention’d  ;  never thelefs  I  will 
add  one  Experiment  more,  which  has  been  made  by  many  with¬ 
out  Succefs,  but  which  always  fucceeds,  when  due  Caution  is  11  fed. 
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Experiment  3. 

3526.  A  Ray  of  Light  is  tranfmitted  through  the  Prifm,  as  in  the  firfl: 
Plate  i  j  3 .  Experiment  in  the  laft  Chapter  J  ;  but  the  Hole,  through  which 
Fig.  i.  the  Light  enters,  is  greater,  and  it’s  Diameter  exceeds  half  an  Inch : 

+  3483.  The  Light,  whilft  it  goes  out  of  the  Prifm,  falls  upon  the  Surface 
*3482.  of  the  Board  T  *,  which  intercepts,  the  Rays,  thofe  only  being  left, 
3482.  which  go  through  the  Hole  g  Thefe  are  not  yet  feparated ; 
becaufe  this  Hole  is  at  a  fmall  Diftance  from  the  Prifm  :  Yet  they 
are  difperfed,  and  the  oblong  Image  R  V,  falls  upon  the  Board 
join’d  to  the  Stand  of  the  fecond  Prifm  J,  at  the  Diftance  of  ten  or 
twelve  Feet :  Which  Stand  is  fo  plac’d  that  the  Hole  g,  which 
correfponds  with  g,  is  in  the  Image  itfelf,  and  fome  of  the  Rays 
pafs  through  it,  which  fall  upon  the  fecond  horizontal  Prifm,  by 
whofe  Refraction  they  are  directed  downwards  or  upwards,  as  in 
this  Figure,  and  fall  upon  the  white  Paper.  By  moving  the  firfl: 
Prifm  a  little  about  it’s  Axis,  the  Rays  of  all  Colours  go  through 
the  Hole  g  fucceffively,  and  are  refraCted  by  the  fecond  Prifm. 

In  this  fecond  RefraCtion  there  is  no  Difperfion  of  the  Rays; 
the  Images,  when  the  Paper  is  inclin’d,  fo  that  the  Light  falls  upon 
it  perpendicularly,  is  round,  and  of  one  Colour ;  namely  of  that, 
which  paffes  through  g ;  the  Refrangibility  alfo  in  this  Cafe  is  not 
alter’d,  and  the  Spot  S  changes  it’s  Place  in  fuch  manner,  whilft 
the  Colour  is  alter’d,  that  it  appears  that  the  red  Rays  are  refraCted 
leaft  of  all,  the  violet  Rays  moft  of  all. 

This  Experiment  may  be  varied,  and  made  with  vertical  Prifms, 
in  this  Cafe,  the  Ray,  which  falls  upon  the  firft  Prifm,  muft  be  ho~ 

*  3482.  rizontal ;  then  the  Holes /and  f  *  are  to  be  made  ufe  of,  which 
are  in  Plates  that  may  be  moved  horizontally. 

3529.  The  firft  Prifm  remaining  alfo,  and  the  Light  being  tranfmitted 
through  the  Hole  g>  a  fecond  Prifm  may  be  plac’d  vertically,  and 
the  Light,  wThich  paffes  through  the  Hole  f,  may  be  bent  fideways. 
The  Event  of  the  Experiment  is  always  the  fame. 

353°.  We  tranfmit  Light  through  two  narrow  Holes,  that  it’s  Direction 
may  be  well  determin’d,  and  all  the  Rays  may  follow  the  fame 
Direction.  The  Hole,  through  which  the  Light  is  let  in,  muft,  for 
this  Reafon,  be  larger  than  in  the  foregoing  Experiments,  that  the 
353 1  •  Light,  which  paffes  through  may  not  be  too  weak.  Thofe 
final ler  Holes  are  made  ufe  of,  which  are  in  the  Plates  that  may  be 
mov’d  perpendicular  to  the  Direction  of  the  Axis  of  the  Prifm,  that 
the  Holes  may  anfwer  exaCtly  to  the  Prifm.  But  as  the  Event  of 
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this  Experiment  is  not  always  the  fame,  and  Mariotte ,  who  was  ^532. 
well  verfed  in  phylical  Experiments,  affirms,  that  after  the  fecond 
Refraction  of  any  Rav,  the  Colours  appear  different  again  5  fome- 
thing  muft  be  mention’d,  and  I  mull;  fpeak  diftinCtly  of  the  Cauti¬ 
ons  that  are  to  be  obferv’d. 

If  with  the  Rays  of  any  Colour,  a  fmall  Quantity  of  Rays  of  dif-  3533» 
ferent  Colours  be  mixt,  the  Colour  is  not  alter’d  thereby  as  to  Senfe  ; 
becaufe  the  vivid  Light  hinders  the  weak  Light  from  being  fenfible  ; 
but  if  fuch  Rays,  which  appear  to  the  Eye  homogeneous,  pafs 
through  the  Prifm,  they  are  feparated,  and  the  Colours  then  become 
fenfible :  therefore  unlefs  the  Rays  be  homogeneous  that  fall  upon 
the  fecond  Prifm,  the  Experiment  neceflarily  fucceeds  as  it  is  de~ 
fcribed  by  Mariotte ;  but  who  does  not  fee  that  nothing  can  be 
concluded  from  fuch  an  Experiment  if  the  Event  be  the  fame  as 
that  which  we  have  defcribed  above  *,  the  neceffary  Cautions  being* 
obferv’d  ? 

The  Prifms  that  are  to  be  made  ufe  of,  efpecially  the  firft,  muft  3534« 
be  of  pure  Glafs,  other  wife  there  are  Reflexions  of  the  Rays  in 
the  Prifm  itfelf,  and  in  the  going  out  the  heterogeneous  Light 
is  every  where  mixt  with  the  homogeneous  Light,  which,  wffiilft  it 
is  feparated,  difturbs  the  Experiment.  3 53 59 

Care  muft  be  taken  alfo,  that  no  Light  enters  the  Chamber, except 
the  Ray  mention’d  in  the  Experiment ;  for  if  any  luch  Rays  be 
mixt  with  thofe,  that  make  the  Image,  the  Experiment  cannot 
anfwer  well.  / 

We  muft  alfo  take  care  that  the  Experiment  be  not  made  when  3536* 
the  Sky  is  not  clear  enough  -9  for  then  there  are  many  Rays  among 
thofe,  that  proceed  direCtly  from  the  Sun,  which  follow  different 
Directions ;  which  chiefly  happens,  when  there  are  Clouds  towards 
the  Sun,  which  reflect  Light  vivid  enough. 

CHAP.  XXIL 

! That  the  Rays  are  not  alter  d  by  any  Reflexion. 

WrE  prove  by  Experiments  that  the  Rays  are  not  altered  by  3537. 

Reflexion. 

Experi  me  nt  r. 

rrr  v  s  1.  *  %  s 

An  oblong  Image  of  the  Sun  being  given,  tinged  with  homo-  333S. 
geneous  Colours*,  let  the  different  Colours  of  it  fall  fucceflively  * 3434.350a. 
upon  the  Surfaces  of  different  Bodies,  for  Example,  upon  that  of 
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Cloth  of  different  Colour,  or  Silk,  or  of  any  other  Body ;  or  we  may 
take  any  painted  Bodies,  or  the  Powders  themfelves,  that  Painters 
make  ufe  of  5  in  all  thefe  Cafes  the  Rays  in  Reflexion  keep  their 
own  Colour ;  the  red  Rays  remain  red,  whether  they  are  reflected 
from  a  red  Body  or  a  blue  one 5  but  the  Colour  is  more  obfcure 
and  dark,  when  the  Colour  of  the  Rays  does  not  agree  with  the 
Colour  of  the  Body,  notwithftanding  it  is  not  alter’d. 


A  STAND  for  the  two  PRISMS. 


* 
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3539*  Upon  the  wooden  Stand  P  two  wooden  Pillars  are  plac’d,  about 
Plate  1 14.  a  Foot  high,  which  fupport  the  tranfverfe  Piece  of  Wood  MM* 
Fig.  1.  The  lower  Prifm  A  B  is  laid  upon  the  fmaller  Pillars  GG*,  which 
turns  about  it’s  Axis,  and  is  faften’d  by  a  Screw  at  c. 

The  other  Prifm  E  F  •f  is  like  the  former 5  this  has  a  Handle 
H ;  n  pafles  through  this,  which  makes  one  End  of  the  Axis, 
through  a  Hole  at  the  End  of  the  Handle ;  the  other  End  0 
goes  into  an  Incifion,  tending  obliquely  downwards  5  and  the 
Prifm  is  faften’d  by  the  Screw  m  \  the  Handle  is  fupported  toge¬ 
ther  with  the  Prifm,  by  Means  of  the  Copper  Plate  L,  which 
may  be  rais’d  and  let  down,  and  which  is  retain’d  by  the  Screw  n . 

The  Handle  H  is  join’d  to  the  Plate  L  in  fuch  Manner,  that  the 
Prifm,  it’s  horizontal  Pofition  being  kept,  together  with  it’s  Han¬ 
dle,  may  be  turn’d  about,  a  vertical  Line  pafling  through  p 5  and 
the  Handle  is  faften’d  by  Means  of  the  Screw  I.  Wefhallcall 
this  laft  Motion  the  Convernon  of  the  Axis  of  the  upper  Prifm. 


3541 


Experiment  2. 

3542.  We  let  Light  into  a  dark  Chamber  through  two  Holes  *,  in  the 
Plate  1 13.  fame  Manner  as  through  one  in  the  firft  Experiment  of  the  twen- 
Fig.  2.  ^  tieth  Chapter.  The  lower  Ray  is  tranfmitted  through  the  lower 
*2705.3476.  Prifm,  and  gives  an  oblong  Image  5  the  upper  Prifm  is  rais’d,  by 


3477-  moving  the  Plate  /,  or  let  down  and  faften’d  at  that  Height,  that 
another  Ray  may  fall  upon  it  5  by  Help  of  this  we  make  a  fecond 
3341.  Image,  which,  by  turning  the  Axis  of  the  Prifm  *,  we  difpofe  in 
fuch  Manner  as  to  join  the  Images  tideways ;  then,  by  turning  one 
of  the  Prifms  about  it’s  Axis,  we  deprefs  one  Image  in  fuch  Man¬ 
ner,  that  the  red  Colour  of  it  may  anfwer  to  the  violet  Colour  of 
the  other  Image.  The  Paper  being  removed  which  covered  the 
2775.  wooden  Rectangle  •fx  the  upper  Ruler  LL  of  the  Rectangle,  is  to 
,  be 


be  placed  in  fuch  Manner,  that  the  faid  Spots,  the  one  red  R, 
and  the  other  violet  V,  may  fall  upon  the  Middle  of  the  Ruler. 
This  is  white  in  that  Place,  and  every  where  elfe  black,  with 
the  reft  of  the  Redangle  and  the  Stand. 

Now  if  a  Spectator  at  the  Diftance  of  fixteen  or  twenty  Feet 
beholds  thefe  Spots  R  and  V, attending  to  that  which  has  been  fhewn 
above  *,  he  will  fee  the  violet  Spot  at  u ,  and  the  red  one  lefs  re-  * 
moved  cut  of  its  Place  at  r  j  fo  that  there  is  no  Alteration  in  the 
Colour’s  Refrangibility,  though  the  Rays  are  reflected. 

The  Parts  of  the  Images  which  pafs  above  and  below  the  Ru¬ 
ler  L  L,  muft  fall  upon  the  black  Plane,  that  they  may  not  di- 
fturb  the  Experiment. 

But  this  Experiment  anfwers  beft,  when  there  is  another  dark 
Chamber  near  at  Hand,  into  which  thefe  Rays  may  penetrate : 
If  then  the  Spectator  beholds  thefe  Spots  a  little  obliquely,  none 
of  the  ufelefs  Light  can  be  reflected  to  him. 
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Experiment  3. 

This  Experiment  fucceeds  beft  of  all  alfo,  if  there  be  two  3546. 
Chambers  feparated  only  by  a  Door,  and  they  be  both  dark ;  then  Plate  1 14. 
the  Prifm  being  placed  at  the  Diftance  of  fixteen  or  twenty  Feet  pja>  2. 
from  the  Door,  the  Rays  are  feparated,  that  an  oblong  Image  of 
the  Sun  may  be  made*,  which  in  the  other  Chamber  falls  up-  #  «  g„ 
on  the  Paper  at  RV,  at  the  Diftance  of  upwards  of  thirty  Feet  J 

from  the  Prifm. 

Upon  this  Paper  T  are  drawn  black  Lines  parallel  to  one  ano-  3547, 
ther,  about  the  fixteenth  Part  of  an  Inch  broad,  which  are  en- 
lightned  by  the  faid  oblong  Image  of  the  Sun,  according  to  the 
Length  of  which,  the  Lines  are  difpofed  3  there  is  moreover  a  con¬ 
vex  Lenfe  of  five  or  fix  Inches  Diameter,  fuch  as  has  been  ufed 
above ;  or  if  this  be  not  fo  convenient,  we  make  of  one  more  *  3507. 
convex,  which  collects  the  red  Rays  proceeding  from  a  radiant 
Point  fix  Foot  diftant  from  the  Glafs,  at  an  equal  Diftance  3  if 
this  Lenfe  be  at  the  Diftance  of  fix  Feet  from  the  faid  Image, 
the  Parts  of  the  Lines,  which  are  in  the  red  Colour,  are  repre- 
fented  upon  the  Paper,  by  Rays  collected  by  the  Lenfe,  at  the 
Diftance  of  fix  Feet  alfo,  exactly  in  the  red  Image,  but  the  Pa¬ 
per  muft  be  moved  nearer  about  three  Inches  and  an  half,  that 
the  Parts  of  the  Lines,  illuminated  with  a  purple  Colour,  may  ap¬ 
pear  diftindt  in  the  Image  of  the  faid  Colour:  the  intermediate 
Colours  give  their  Images  at  intermediate  Diftances  the  violet 
Colour  is  fo  weak,  that  the  Lines  in  it  cannot  be  reprefented,  This 
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This  Experiment  anfwers  alfo,  though  there  be  not  a  fecond 
dark  Chamber  ;  but  then  we  ought  to  prevent  the  extraneous  Light, 
which  enters  into  the  Chamber  through  the  Hole,  from  making 
the  Reprefentation  of  the  Lines  too  weak,  by  means  of  a  Curtain 
or  any  other  W ay,  if  we  do  not  make  ufe  of  the  Helioftate. 

Therefore  this  Experiment  is  a  Confirmation  alfo,  that  the  Co¬ 
lour  of  the  refleded  Rays  is  not  alter’d  by  a  new  Refradion  through 
a  Lenfe;  as  likewife  that  the  moft  refrangible  Rays  are  infleded 
more  than  others,  in  pafiing  through  the  Lenfe :  This  laft  Expe¬ 
riment  likewife  proves,  that  the  different  Refrangibility  of  the  Rays 
is  the  Rea /on  that  TeleJ copes  are  not  perfeCl ;  for  the  Rays  proceed¬ 
ing  from  Points  at  an  equal  Diftance,  are  colleded  at  various  Di- 
ftances  from  the  Lenfe,  according  to  their  different  Colour; 
whence  alfo  the  Reprefentation  of  the  Points  are  at  unequal  Di- 
ftances  from  the  Eye-glafs,  which  therefore  cannot  all  be  feen 
perfedly  through  it. 

With  Regard  to  the  Refledion  of  the  Rays,  that  the  Rays  are 
in  general  more  eafily  reflected,  which  have  a  greater  Refrangibility , 
for  the  greater  the  Refradion  of  the  Rays  is,  the  lefs  Obliquity  is 
required,  that  they  may  be  all  refleded  *. 


PRISMS,  with  their  Stands ,  whereby  Experiments  concerning  Re¬ 
fection  are  demojif rated. 

In  thefe  Prifms  A  B,  CD,  that  are  equal  and  fimilar,  are  made 

Plate  i  id.  u^e  the  Bafes  of  them  are  redangular  Ifofceles  Triangles,  fo 
p-  „  that  when  joined,  the  greater  Surfaces  being  apply’d,  they  make 

°°  a  Parallelopiped,  whofe  Bafes  are  Squares;  the  Bafes  of  thefe 

Triangles  thus  joined  are  put  into  the  Boxes  E  E,  and  the  Prifms 
are  faftened  by  Means  of  the  Screws  J,fj,f  which  prefs  the  Plates 
g,  g  :  Thefe  are  apply’d  to  the  Glafs  immediately,  and  are  bent 
in  fuch  Manner  that  the  Screws  may  not  damage  the  Glafs,  though 
they  pafs  through  the  Plates,  whilft  they  are  joined  to  them. 

3553«  The  Prifms  thus  joined  together,  may  be  turned  about  their 
Plate  1 14.  common  Axis,  by  Means  of  the  Points  cohering  with  the  Boxes :  To 
Fig.  4.  this  End  we  put  the  Prifms  upon  the  wooden  Stand  S,  and  the 
Prifms  are  kept  in  the  required  Pofition  by  Means  of  the  Screw  g. 

Sometimes  only  one  Prifm  is  made  ufe  of,  then  the  Places,  which 
occupy  the  Extremities  of  the  other  in  Boxes,  are  filled  with  wood¬ 
en  Triangles,  as  H  (Fig.  3.)  and  the  one  Prifm  is  faftened  in 
the  fame  Manner,  as  has  been  faid  of  the  two,  and  is  laid  upon 
the  Stand.  We 
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Chap.  22.  of  Natural  Philofophy. 

We  reprefent  the  Prifms  in  an  horizontal  Pofition,  we  may  alfo 
make  ufe  of  them  in  a  vertical  Pofition,  for  the  Length  of  the  Point 
muft  be  determined  in  fuch  Manner,  that  the  Side  o  p ,  and  the 
End  of  the  Point,  may  be  in  the  fame  Plane  perpendicular  to 
the  Axis  of  the  Prifm. 


25S 

3555- 


Experiment  4. 


A  Ray  of  the  Sun  is  let  into  a  dark  Chamber,  through  a  Hole, 
whole  Diameter  is  equal  to  a  Quarter  of  an  Inch. 

If  the  Direction  of  it  be  not  convenient  enough,  it  muft  be  re¬ 
fleded  by  a  Mirror,  and  indeed  brought  into  an  horizontal  Direc¬ 
tion  3  this  at  leaft:  is  moft  convenient,  and  then  the  Prifm  is  to  be 
put  into  a  vertical  Pofition. 

Only  one  Prifm  A  B  is  made  ufe  of,  into  which  the  Rays  pe¬ 
netrate,  through  one  of  the  fmaller  Sides  of  it,  in  fuch  Manner, 
that’  it  is  partly  refleded  by  the  greater  Sides,  and  Part  of  it 
goes  out. 

This  laft:  Light  falling  upon  the  white  Paper  t>  gives  a  colour’d 
Image,  the  Prifm  is  turned  in  fuch  Manner,  that  the  Rays  may 
pafs  through  near  the  Surface  of  the  Prifm ;  the  refleded  Light 
is  refraded  by  the  Prifm  P,  and  gives  a  colour’d  Image  R  V 
at  T.  ' 

Now  if  you  continue  to  turn  the  Prifm  fiowly,  in  fuch  Man¬ 
ner,  that  the  Obliquity  of  the  Rays  falling  upon  the  lower  Side  be 
increafed,  the  violet  Rays  will  not  be  able  to  penetrate  into  the 
Air,  but  they  will  all  be  refleded :  If  you  continue  the  Motion 
all  the  purple  Rays  are  refleded,  afterwards  the  Blue,  and  the  eft 
according  to  their  Order  in  the  Image  r,  v,  which  continually  af- 
cends,  whilft  the  upper  Part  vanifheth,  the  red  Part,  which  con- 
fifts  of  the  leaft  refrangible  Rays,  vanifhes  laft. 

In  the  mean  Time  the  Colours  of  the  Images  R  V  are  altered, 
and  that  becomes  more  intenfe  fucceffively,  which  vanifhes  in  the 
other  Image. 


,3556* 
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CHAP.  XXIII. 

Of  the  Mixture  of  Colour s}  and  TVhitenefs.  ■ 


WE  have  already  fuid  that  the  Refrangibility  and  Colour  of  ~  ~ rT, 
Rays  is  not  changed  by  the  Mixture  of  Rays  of  dii> 
ferent  Refrangibility  *,  which  is  manifefi;  by  Experiments.  * 

Ex- 


34x3* 


2*6  Mathematical  Elements  BookV. 

..  "  .qr  ’  ..•«  ,f  ,  f  <  j- j t  : 

Experimenti,  -1 

3560.  This  Experiment  is  made  in  the  fame  Manner  as  the  fecond  of 

*  3  54r*  the  foregoing  Chapter,  but  by  turning  the  Axis  of  the  upper  Prifm*, 

the  Spots  are  confufed,  and  make  one  purple  Spot ;  but  the  Co¬ 
lours  appear  feparate  to  a  Spectator,  who  beholds  it  through  a 
Prifm,  and  neither  the  Colour  nor  Refrangibility  are  altered  by  this 
Confufion  of  Colours. 

%  '  t  .ft  >  J  '  «  ♦.  ,  '  ,  . 

•  '  Experiment  2. 

^561.  If  the  oblong' coloured  Image  of  the  Sun,  which  was  fpoken 
Pkte  1 1 5.  of  in  the  firft  Experiment  of  the  twenty  firft  Chapter,  falls  upon  the 
Fig.  1.  convex  Lenfe  L  *  at  RV,  placed  at  the  Diftance  of  fix  Feet  from 

*  3547.  the  Prifm  BB;  the  diverging  Rays  converge  by  the  Refradion  of 

the  Lenfe,  and  mutually  interfed  one  another  at  A,  at  the  Diftance 
of  fix  Feet;  if  the  Frame  T  be  at  a  greater  Diftance,  the  Rays, 
which  diverge  again  after  their  Interfedion,  come  to  it  difperfed, 
and  there  is  again  given  an  oblong  colour’d  Image ;  but  the  Co¬ 
lours,  by  Reafon  of  their  Interfedion  at  A,  are  difpofed  in  a  con¬ 
trary  Order,  but  they  are  not  altered  by  the  Mixture  at  A. 


Experiment  3. 

„  /  All  Things  remaining  as  in  the  foregoing  Experiment;  if  fome 
pi  j*  Rays  of  the  Image  R  V  be  intercepted  by  the  black  Paper,  which 
pf  c  ^’alters  the  Mixture,  which  by  this  Method  may  be  varied  at  Plea- 
1&’  *  *  fure,  the  Colours  of  the  reft  of  the  Rays,  which  are  again  fepa- 
n  rated,  are  not  altered.  If  the  Sun  Rays ,  as  they  come  to  us,  be 

^  J  wholly  reflected  by  any  Body ,  this  appears  white  ;  but  thefe  Rays  are 

*  3465  3495. an  Affemblage  of  Rays  of  different  Colours  whence  we  infer 
3564.  that  a  Mixture  of  different  Colours  confiitutes  Whitenefs ,  for  if  the 
Colours  which  are  obferved  in  the  oblong  Image  of  the  Sun,  fo 
often  mentioned,  be  mixed  and  confufed,  in  the  fame  Proportion 
as  they  are  in  that  Image,  Whitenefs  is  produced ;  which  alfo 
proves,  that  in  that  Refped  the  Rays  are  unchangeable.  The 
Rays  that  come  from  the  Sun  appear  white,  but  if  they  are  fe-  . 
parated,  their  Colours  are  difcovered  ;  and,  if  they  be  mixed  again, 
the  Whitenefs  will  be  reftored. 


Experiment  4. 

35^v  Things  being  difpofed  as  in  the  two  foregoing  Experiments, 
Plate  1 1  r, let  the  Board-  T  be  placed  at  A,  in  the  very  Place  where  all  the 

mg.  2. '  Rays 
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Rays  of  the  Image  R  V  are  mixed  together;  there  will  be  a  White- 
nefs  at  A,  if  with  a  black  Paper  you  intercept  the  red  Colour  of  the 
ImageRV,  the  white  will  vanifh,  and  the  Colour  at  Abebluifli ;  but  if 
you  intercept  the  violet  and  blue  Rays,  the  white  becomes  reddifh. 

If  we  would  have  the  white  Spot  greater,  we  make  ufe  of  that  3566, 
Lenfe  which  has  been  mentioned  in  the  fifth  Experiment  of  the 
twentieth  Chapter,  but  we  place  this  in  the  Middle  between  the 
Prifm  and  the  Board  T,  which  is  at  the  Diftance  of  fixteen  Feet 
from  it. 

Experiment  5. 

Take  three  triangular  Prifms  made  of  glafs  Plates*,  BB,  CC,  3 5^7 • 

DD,  containing  Water ;  the  Sun  Rays  are  refradted  through  the  Plate  1 1 6. 
Prifm  BB,  as  in  the  third  Experiment  of  the  twentieth  Chapter,  Fig*  i* 
and  the  oblong  Image  of  the  Sun  falls  upon  the  Face  of  the*  3491* 
Prifm  C  C,  placed  in  a  Situation  parallel  to  the  Face  of  the  Prifm 
B  B,  at  the  Diftance  of  three  or  four  Feet,  out  of  which  the 
Rays  go.  In  the  fecond  Prifm  the  Rays  undergo  Refraction, 
contrary  to  that  which  they  did  in  the  firft,  by  Reafon  of  the 
Parallelifm  mentioned,  and  becaufe  the  Angle  which  the  glafs 
Planes  make,  through  which  the  Rays  pafs,  are  equal :  There¬ 
fore  the  firft  Refradtion  is  deftroy’d  by  the  fecond,  and  the  Rays 
go  out  of  the  Prifm  C  C  at  R  V  parallel,  for  the  Prifms  are  fo 
placed,  that  if  the  Prifm  C  C  be  brought  near  the  other,  and 
the  parallel  Faces  mutually  touch  one  another,  the  Light  may  pafs 
through  the  Medium,  terminated  by  parallel  Planes ;  for  both  the 
Prifms  joined  together  make  a  Parallelopiped,  through  which 
Light,  of  any  Refrangibility  paffes  without  Change  of  Diredtion  *  *  2792. 
now  the  Prifms  are  feparated,  that  the  heterogeneous  Pays  may 
be  feparated,  before  they  again  become  parallel,  if  thefe  coloured 
Rays  fall  upon  the  third  Prifm  D  D,  and  in  paffing  through  it 
undergo  a  Refradtion  like  that  which  ✓  they  have  undergone  in 
pafting  through  the  firft  or  fecond  Prifm ;  the  Rays  that  go  out  at 
rv  converge,  on  Account  of  unequal  Refradtions  in  Rays  of  different 
Colours,  and  concur  at  A,  in  which  Place  alfo  Whitenefs  will  be 
produced,  as  in  the  foregoing  Experiment. 

9  9 

Experiment  6. 

Let  RV  be  an  oblong  coloured  Image  of  the  Sun,  as  in  the  3568* 
firft  Experiment  of  the  twentieth  Chapter,  and  let  there  be  a  Plate  1 1 6. 
Spedtator  at  S  at  a  Diftance  from  the  Plane  T,  as  much  as  the  Prifm  Fig.  r« 
is  diftant  from  it,  by  which  the  Rays  are  feparated  ;  if  he  looks  at  the 
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Image  V  R  through  another  Prifm  like  the  firft,  as  was  faid  of  the 
Hole  in  the  fourth  Experiment  of  the  fame  Chapter,  he  will  fee  the 
Image  round  and  white ;  the  fecond  Refraction  deftroying  the 
firft  in  fuch  Manner,  that  the  Rays  enter  the  Eye  being  again 
mix’d. 


3569. 
Plate  x  1 8. 
Fig.  1. 


Experiment  7. 

All  Things  being  ordered  as  in  the  fourth  Experiment  forego¬ 
ing,  the  Prifm  is  placed  at  A  in  the  Point  in  which  the  Rays  be¬ 
ing  mixed  are  white ;  the  Rays  are  refrafted  downwards,  and 
indeed  in  fuch  Manner,  that  the  DefleCtion  is  the  fmalleft  ;  which 
Pofition  of  the  Prifm  is  found,  by  turning  it  about  its  Axis,  then 
(for  we  fuppofe  the  Prifm  P  and  A  to  be  fimilar)  the  fecond  Re¬ 
fraction  deftroys  the  firft,  and  the  Rays  go  out  of  the  fecond  Prifm 
along  eyf  as  they  enter  into  the  firft  along  c ,  d ,  parallel  and  white ; 
now  if  this  white  Ray  f/be  refrafted  through  the  third  Prifm  B 
horizontally,  we  have  a  new  oblong  Image  v  r,  tinged  with  the 
Colours  often  mentioned. 


Experiment  8. 

2  $  jo .  In  this  Experiment  all  Things  are  diipofed,  as  in  the  laft  Ex- 

Plate  1 17.  periment  of  the  foregoing  Chapter;  but  a  fecond  Prifm  CD*  is 
Fio\  2.  joined  with  the  Prifm  A  B,  a  fmall  Piece  of  Paper  being  put  be- 

*  3  552.  tween,  at  the  Extremities  of  the  Prifms. 

Then  the  Rays,  which  pafs  through  the  two  Prifms,  make  a 
white  Spot  m,  fuch  as  the  Rays  reflected  at  M  give. 

Now  the  Prifms  being  turn’d  about  their  common  Axis,  in 
fuch  Manner  that  the  Rays  of  all  the  Colours  may  be  fucceffive- 
ly  reflected,  the  Whitenefs  of  both  the  Spots  M  and  m  is  alter’d,  by 
Reafon  of  the  Alteration  of  the  Mixture  of  the  Rays. 

3  $yi.  If  the  Planes  T,  t,  being  removed,  the  Prifms  be  placed  at 

M  m>  by  which  the  Colours  are  feparated,  we  fhall  have  the  fame 

*  3557*3558*  Phenomena  in  the  colour’d  Images,  that  were  mention’d  before*. 

3572.  A  Mixture  of  all  the  Colour s,  which  are  obferved  in  the  oblong 
Image  of  the  Sun ,  is  not  necejfary  to  conflitute  Whitenefs ;  the  White¬ 
nefs  of  the  Sun’s  Rays  is  a  little  inclined  to  yellow ;  and  the  yel¬ 
low  Rays  being  partly  taken  out  of  the  Mixture,  the  white  becomes 
more  perfect.  Whitenefs  is  produced  from  the  Mixture  of  four 
or  five  Colours,  the  juft  Proportion  being  kept  \  the  primary  Co- 

3  AS-  [ours  y  that  is  the  homogeneous  Colours,  being  mix’d,  generate  many  Co¬ 
lours  different  from  the  homogeneous y  or  primary  Colours ;  oftentimes 

a.  Colour,, 


V» 


. 


Chap.  24.  of  Natural Philofophy. 

a  Colour,  like  an  homogeneous  Colour,  is  made  up  of  the  Mix¬ 
ture  of  other  Colours,  and  thefe  three  Colours,  red,  yellow,  blue, 
being  given,  we  may  imitate  all  the  Reft  5  but  we  ought  not 
from  thence  to  infer,  that  there  are  only  three  primary  Colours, 
fmce  we  really  difcover  feven :  Neverthelefs  when  no  Difference  is 
obferved  between  the  homogeneous  Colour ,  and  that  which  is  mixed  by 
the  naked  Eyes ,  this  is  fenjible  through  the  Prifm . 

Experiment  9. 

Let  any  fmall  Objedts,  as  Letters  on  Paper,  Plies,  and  other  3575» 
fiich  like  Objedts,  be  obferved  through  a  Prifm,  if  they  be  expos¬ 
ed  to  the  mix’d  Light  they  appear  to  be  confufed  ;  if  they  be  en¬ 
lightened  with  homogeneous  Light*,  when  feen  through  the*  3510, 
Prifm,  they  are  terminated  by  diftindt  Limits. 

CHAR  XXIV. 

Of  the  Rainbow . 

AVING  finifhed  what  relates  to  the  Rays  enlightening  3476. 
Bodies,  we  muft  not  leave  this  Subjedt,  without  explaining 
a  Phenomenon,  which  is  too  remarkable  and  common  to  be  paf- 
fed  by  in  Silence. 

The  Rainbow ,  or  Iris ,  is  what  every  Body  has  often  feen :  Hav¬ 
ing  firft  premifed  fome  Things,  we  muft  explain  what  is  the  Caufe 
thereof. 

Let  there  be  Water  encompaffed  with  Air ,  terminated  by  the  Cir -  *  rjyt 

cle  BDFH,  let  homogeneous  Rays,  which  are  parallel,  fall  upon  it,  p}ate  j 
whereof  AB  is  one;  let  the  Semi-diameter  CB  be  drawn  andpig#  2. 
continued  to  N,  this  is  perpendicular  to  the  Surface  feparating  the 
Mediums,  therefore  ABN  is  the  Angle  of  Incidence;  this  Angle  »  2918. 
is  equal  to  the  oppofite  vertical  Angle  CBL*,  whofe  Sine  is  CL  *  j  ^El.i0 
perpendicular  to  BL,  and  going  through  the  Center,  the  Ray  is 
refradted  towards  the  perpendicular  *5  and  CBM  is  the  Angie  of  *  2798, 
Refradtion,  whofe  Sine  is  C  M  drawn  from  C  perpendicular  to 
BD;  for  every  Ray,  fuch  as  AB,  the  Ratio  between  the  Lines, 
fuch  as  CL  and  C  M  is  the  fame*.  *  2809, 

The  Ray  B  D  in  Part  penetrates  into  the  Air  in  the  Diredti- 
on  E,  and  in  Part  is  refledted  in  the  Diredtion  D  F,  fo  that  the  An¬ 
gle  of  Refledtion  C  D  F,  is  equal  to  the  Angle  of  Incidence  B  D C  *;  *  3241«, 

.L  1  2  confe- 
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confequently  B  D  and  D  F  are  equal ;  alfo  the  Ray  D  F  does  in  Part 
go  out  of  the  Water  along  F  G,  and  is  reflected  along  F  H  ;  which 
in  the  fame  Manner  does  in  Part  go  through  HI,  and  in  Part  is 
reflected  ;  but  we  do  not  conlider  this  Reflection,  and  other  far¬ 
ther  Reflections  and  Refractions  ;  they  are  too  weak^becaufe  of  the 
feveral  Divifions  the  Light  has  undergone. 


Experiment  i. 


3578. 
Plate  1 19. 
Fig.  1. 

!!  2794-  —795 * 

2769. 


Plate  1 1 8. 
Fig.  2» 

Plate  1 18. 
Fig.  3- 
3579- 

*  3272.2793. 


We  let  an  horizontal  Ray  into  a  dark  Place  *,  and  intercept  it 
by  the  Board,  whofe  Incilion  is  horizontal  ||,  and  which  we  repre- 
fent  by  the  Line  A  B.  In  the  Incilion  we  leave  a  fmall  Aperture, 
in  fuch  Manner,  that  only  a  fmall  Ray  may  pafs  through ;  the  Cy¬ 
linder  V  made  up  of  pure  Glafs  that  is  thin  contains  Water,  into 
which  the  Ray  ABC  pafles  obliquely,  and  is  refraCted  along  CD; 
it  is  reflected  along  D  E,  and  goes  out  along  D  F ;  it  is  further 
reflected  along  EG,  and  fo  on:  We  feek  the  Polition  of  the  Glafs 
by  Trial  and  the  Breadth  of  the  Ray,  that  the  Experiment  may 
be  very  fenfible,  in  which  Cafe  the  Reflections  are  fo  repeated, 
that  they  extend  themfelves  beyond  I ;  but  the  fixth  Ray  is  fcarce 
vifible,  and  often  cannot  be  perceived. 

The  Ray  F  G,  which  after  one  Reflection  goes  out  of  the  Wa¬ 
ter,  makes  the  Angle  G  P  A  with  the  incident  Ray  A  B,  which 
varies  in  different  incident  Rays;  therefore,  though  thefe  Rays 
fhould  be  parallel,  they  will  be  difperfed  when  they  go  out  after  one 
Reflettion,  as  is  evident  by  looking  at  the  Figure. 

The  Ray  E  E,  which  being  continued,  paffes  through  the  Cen¬ 
ter  C,  is  not  turned  out  of  it’s  Way,  either  by  Reflection  or  Re¬ 
fraction. 


As  you  recede  from  this  Ray,  the  Ray  which  returns  is  Iefs 
and  lefs  inclined  continually  to  the  incident  Ray.  Thus  the  Ray 
DD,  which  goes  out  of  the  Water  along  dd^  and  returns  along 
that  Line,  makes  a  greater  Angle  with  DD,  than  the  intermedi¬ 
ate  Rays  DD  and  EE  do  make  with  their  returning  Rays,  which 
go  out  of  the  denfer  Medium. 

Let  B  B  be  a  Ray,  in  RelpeCt  of  which  this  Inclination  is  the 
leaft  of  all,  that  is,  which  makes  an  Angle  as  A  P  G  (Fig.  2.) 
the  greateft  of  all :  Beyond  BB,  the  returning  Rays  are  more  in¬ 
clined  towards  the  incident  Rays;  thus  A  A  returns  along  aa: 
3581.  From  this  Difperfion  of  the  returning  Rays ,  receding  from  the 
Place  where  the  Rays  are  bent,  they  become  continually  weaker 
and  weaker ;  and  their  Colour  cannot  be  perceived  throughout  the 

1  •  •  whole 
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whole  Space  which  they  Jill ,  though  the  Colour  of  the  incident  Rays 
be  vivid ;  the  Colour  in  the  returning  Rays  is  only  fenfible  where 
the  adjacent  Rays  are  parallel ,  and  thofe  next  to  them  diverge  but 
a  little,  fo  that  at  a  great  Diftance  they  are  denfe  enough  to  be 
perceived :  Thefe  only  are  faid  to  be  efficacious,  and  will  be  fo,  where 
the  incident  Rays  being  refraCted,  meet  in  the  very  Point  of  Re¬ 
fraction. 

Let  A  B,  a  b  be  adjacent  Rays,  parallel  to  one  another,  and  fall-  3582^ 
ing  upon  a  circulars urface  terminating  the  Water;  if  thefe,  be- Plate  118 
ing  refraCted  along  B  D,  b  D  meet  in  D  the  Point  of  Reflection,  the  Fig.  4. 
reflected  Rays  D  F,  F  f  will  make  with  F  f  Angles  equal  to  thofe 
which  D  B,  D  b  make  with  B  b ;  and  fo  the  refraCted  Rays,  F  G, 
fgy  will  be  parallel  *  and  efficacious  'f.  In  the  firfl:  Scholium  follow-  *  3790. 
ing  we  have  demonftrated  how,  in  this  Cafe,  when  the  Ratio  be-  -f*  3  58 1« 
tween  the  Sines  of  Incidence  and  RefraCtion  is  given,  the  Angle 
formed  by  the  incident  Ray  and  the  returning  efficacious  one, 
may  be  determined,  that  is,  the  Angle  A  P  G,  which  here  is  the 
greateft  of  all. 

When  the  Ratio  between  the  Sines  of  the  Angles  of  Incidence  3583« 
and  RefraCtion  varies,  the  Angle  A  P  G  is  changed ;  which  there¬ 
fore  is  different,  according  to  the  different  Refrangibility  of  the 
Rays. 

If  the  Surface  abovementioned  be  enlightened  by  heterogeneous  Raysy  *  rg  * 
as  they  flow  from  the  Sun,  the  efficacious  Rays  of  different  Colours 
do  not  make  equal  Angles  with  the  incident  Rays ,  and  fo  the  Colours 
are  feparated  by  Help  of  this  Refraction . 

Experiment  2. 


This  Experiment  is  made  in  the  fame  Manner  as  the  forego*  3585* 
ing  one,  but  we  make  ufe  of  another  Board  T  *,  becaufe  it  is  Plate  1  ig 
not  neceffary,  that  the  Ray  be  fo  ftraitened ;  and  the  Height  of  Fig.  2. 
the  Ray,  going  into  the  Water,  may  now  be  determined  at  Plea-  *  2768* 
fure.  The  Pofition  of  the  Glafs  is  alfo  eafily  difcovered  by  mak¬ 
ing  Trial,  that  the  efficacious  Rays  of  all  Colours  may  return  ;  the 
Rays  that  pafs  through  the  Slit  of  the  faid  Board  are  fufficient  that 
we  may  have  all  the  Colours. 

If  thefe  efficacious  Rays  fall  upon  the  white  Paper,  at  the  Di- 
ftance  of  four  or  five  Feet,  the  Colours  will  appear  feparated  ac¬ 
cording  to  their  Order  of  Refrangibility*,  and  by  Reafon  of  the  *3501*. 
Figure  of  the  Glafs  the  Colours  wilL  appear  vertical. 
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If  the  Paper  being  removed  the  efficacious  Rays  enter  into  the 
Eye  of  a  Spectator  S,  placed  at  a  greater  Diftance,  that  the 
Colours  may  be  more  feparated,  the  Spectator  will  fee  that  Co¬ 
lour,  the  Rays  of  which  enter  into  the  Eye ;  and  he  will  perceive 
all  the  Colours  fucceffively,  by  moving  his  Eye. 

But  with  Regard  to  thofe  Rays,  which  after  a  double  Refledti- 
#  on  in  Water  emerge,  they  will  be  efficacious,  if  they  be  parallel 
after  the  firft  Reflection  5  for  then  F  H,  fh ,  are  in  the  fame 
Manner  inclined  to  Hi,  as  B  D,  b  d  to  B  b ;  and  therefore,  fup- 
pofing  the  incident  Rays  AB,  ab  to  be  parallel,  the  emerging 
*  3249.  Rays  HI,  hi  will  be  parallel  too,  that  is,  efficacious*. 

Alfo  in  the  fecond  Scholium  following,  we  demonftrate,  how 
in  that  Cafe  the  Angle  H  P  B,  formed  by  the  emerging  and  inci¬ 
dent  Ray  is  determined,  which  Angle  in  that  Cafe  is  the  fmalleft 
of  all  fimilar  ones,  being  different  according  to  the  different  Re- 
frangibility  of  the  Rays :  Whence  alfo  in  that  Cafe,  the  efficacious 
Rays  of  different  Colours ,  fuppofng  the  incident  Rays  parallel ,  are 
feparated  after  a  double  Reflexion, 

Experiment  3. 

All  Things  being  ordered  as  in  the  laft  Experiment,  the  Situ¬ 
ation  of  the  Glafs  that  contains  the  Water  is  altered,  fo  that  the 
Rays  which  are  efficacious  after  two  Reflections  in  the  Glafs  fall 
upon  the  Paper,  or,  when  this  is  remov’d,  upon  the  Eye. 

What  has  been  hitherto  explained,  may  be  applied  to  the  Rain¬ 
bow  ;  in  order  to  produce  which  Phenomenon,  it  is  required  that 
Drops  oj  Water  be  fu [pended  in  the  Air 3  that  the  Spectator  be  plac¬ 
ed  with  his  Back  towards  the  Suny  between  it  and  the  Drops ,  and 
that  there  be  a  dark  Cloud  behind  the  Drops ,  that  the  Colours  may 
be  more  fenfible,  for  thefe  are  fcarcely  perceived,  if  vivid  Light 
enters  the  Eye  at  the  fame  Time. 

Thefe  Things  being  fuppofed,  if  we  conceive  all  the  Drops  to 
be  cut  by  Planes,  paffing  through  the  Centers  of  the  Drops,  and 
the  Sun,  and  the  Eye  of  the  Spectator :  What  has  been  demon- 
b  ftrated  *  above,  may  be  applied  to  each  of  thefe  Sections. 

Here  we  fpeak  of  Rays  which  go  out  of  Air  into  Water.  In 
red  Rays,  that  is,  fuch  as  are  the  leaft  refrangible,  the  Ratio 
between  the  Sine  of  the  Angle  of  Incidence  and  the  Angle  of 
Refraction,  is  as  108  to  8 1,  or,  which  is  the  fame,  as  4  to  35  with 
which  Numbers,  if  the  Computation  be  made,  the  Angle  A  PG 
will  be  42  Degrees  2',  but  if  we  fpeak  of  violet  Rays,  the  Ratio 
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the  Sines  is  as  109  to  81  >  which  Numbers  give  the  fame  Angle 
APG  of  40  Deg.  17 Min. 

If  the  Computation  be  made  for  the  Angle  A  P  I,  and  the  Rays  3594.' 
be  red,  the  Angle  will  be  50  Deg.  and  57  Min.  if  the  Rays  be  PI.  1 19«, 
violet,  the  fame  Angle  is  54  Deg.  7  Min.  as  will  be  feen  in  the  Fig.  3. 
Scholiums. 

Now  let  the  Drops  be  fuppofed  to  be  difperfed  through  the  Air,  3595. 
and  enlightened  by  the  Sun's  Rays,  which  are  parallel  to  one  ano-  pj  I20 
ther,  arid  to  the  Line  O  F,  paffing  through  the  Eye  of  the  Spec-  pjg^  x 
tator 5  lex  us  conceive  the  Lines  e  O,  EO,  BO,  b  O,  and  let  the 
Angles  f  OF  be  40  Deg.  17  Min.  E  OF  42  Deg.  2  Min.  BOF 
50  Deg.  57  Min.  b  O  F  54  Deg.  7  Min.  the  fame  Lines  form 
Angles  with  the  incident  Rays  d  e,  D  E,  A  B,  a  b,  refpeCtively 
equal  to  the  Angles  aforementioned 5  therefore,  if  the  Drops  be 
conceived  at  e ,  E,  B,  b ,  the  efficacious  violet  Rays  will  enter  the 
Eye,  after  one  Reflection  in  the  Drop  e  5  and  the  red  efficacious 
Rays  come  to  the  Eye  from  the  Drop  E;  alfo  after  one  Reflecti¬ 
on  the  other  intermediate  Colours  are  obferved  between  e  and  E, 
in  the  Order  beforementioned  After  two  Reflections  in  the  *  3  $01* 
Drop,  the  efficacious  red  Rays  come  to  the  Eye  from  the  Drop  B,  3596» 
and  the  violet  efficacious  ones  from  the  Drop  b ;  between  thefe 
Drops  the  intermediate  Colours  appear  in  the  fame  Manner  as  be¬ 
tween  E  and  e,  but  they  are  difpofed  in  a  contrary  Order,  andy 
by  Reafon  of  their  double  Reflection,  are  alfo  weaker. 

Let  us  conceive  a  Line,  as  Of,  to  revolve  about  a  fixed  Line  3597° 
O  F,  keeping  the  Angle  e  O  F,  and  to  form  a  Cone  or  Part  of  a 
conical  Surface  5  in  every  Situation  the  Line  e  O  makes  an  Angle 
of  42  Deg.  17  Min.  with  the  Sun's  Rays,  which  are  parallel  to 
one  another,  and  to  the  Line  OF  if  therefore  the  Drops  be  dif-  3598, 
fufed  near  Part  of  the  Surface  of  this  Cone,  at  the  fame  or 
different  Diftances  the  Eye  will  fee  the  violet  Bow :  The  fame  may 
be  faid  of  the  other  Colours  therefore,  when  the  Drops  are  fuf- 
pended  in  the  Air,  a  Spectator  fees  a  Bow,  having  the  Breadth 
e  E  tinged  with  homogeneous  Colours  aforementioned  that  are  dif-  ^  j  9 
pofed  in  the  fame  Order,  as  in  the  Experiments  with  the  Prifms; 
becaufe  the  heterogeneous  Rays  are  feparated  as  much  in  the 
Drops  as  in  the  Prifm*.  "  *  2472.3584, 

By  the  fame  Way  of  Reafoning  it  is  evident  there  will  be  a  3  599“ 
broader  Bow  encompajjing  the  firft \  in  which  the  fame  Colours  wtll  ap-  . 
pear  in  a  contrary  Order  and  weaker , 
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Experiment  4. 

Hanging  up  a  Piece  of  black  Cloth,  expofed  to  the  Sun  Rays, 
let  there  be  between  this  and  the  Sun,  a  Spedtator  beholding  the 
Cloth,  and  let  Water  be  difperfed  between  the  Cloth  and  the 
Spedtator,  that  it  may  be  refolved  into  finall  Drops,  the  Spedtator 
will  fee  the  Rainbow,  at  leaft  the  inner  one. 

SCHOLIUM  I. 

Computations  concerning  the  JirJl  Rainbow . 

SUPPOSING  what  was  explained  in  N.  3582,  we  muft  demon- 
ftrate,  how  the  Angle  A  P  G  is  determined,  which  the  incident  Rays 
make  with  the  efficacious  returning  Rays,  the  Ratio  between  the  Sines 
of  Incidence  ajid  Refradtion  being  given.  Let  this  Ratio  be  the  fame 
as  is  given  between  I  and  R  ;  therefore,  drawing  C  m  perpendicular  to 
b  D,  and  the  Arch  m  n  with  the  Center  C,  and  Semi-diameter  C  m . 

I,  R  : :  C  L,  C  M  . :  C  /,  C  m  : :  C  L — C /=L/,  CM— C  m=M 0. 
Draw  B  0  perpendicular  to  B  L  •,  as  alfo  Bp  to  B  M  ;  and  let  bp  be  giv¬ 
en,  which  makes  a  right  Angle  with  Bp  •,  laflly,  let  the  Points  B,  C, 
and  M,  m  be  joined  by  Lines. 

The  Triangles  B  bo ,  BCL,  are  equiangular,  for  they  are  right-an¬ 
gled,  and  the  Angles  0  B  b  and  C  B  L,  the  Difference  of  each  of  which 
from  a  right  Angle  is  0  B  C,  are  equal. 

In  the  fame  Manner  may  be  proved  that  the  Triangles  BMC  and 
B  bp  are  equiangular,  and  therefore  fimilar  *  *,  the  Triangle  M  mn  right- 
angled  at  0,  is  alfo  fimilar  to  this  ;  for  the  Sides  M  0,  Bp,  perpendicular 
to  the  Line  B  D,  are  parallel ;  as  alfo  M  m  and  B  £,  becaufe  the  Lines 
B  D,  £D,  are  bifedted  into  equal  Parts  at  M  and  m  *  ;  therefore  alfo  B  b 
is  double  of  M  0/,  and  B  p  double  of  M  0.  Hence  we  deduce, 

BL,  BC  :  :  B  0,  Bb . 

BC,  BM  : :  B£,  Bp. 

therefore  by  Equality 

B  L,  B  M  :  :  B  0= L  /,  B  P—2M0  :  :  I,  2  R  :  :  C  L,  2C  M, 
by  comparing  thefe  Proportions  with  that  beforementioned  *. 

As  the  Squares  of  proportional  Quantities  are  proportional  *,  we  have 
•  by  Alternation, 

~  .  BL?,  CL  :  :  BM7,  4C M9. 

when  we  deduce  by  Converfion  and  Inverfion, 

B L?+C L=B C**,  BL?::B M?+4C M?=B 0+  3C M*, B Mi =B O 
'  — C  M?-B  L?+L  a—C  Mf. 

By  fubftra&ing  the  firft  and  fecond  Term  from  the  third  and  fourth, 
whereby  the  Proportion  is  not  altered,  we  have 

B  C 
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BC?,  BL/  :  :  3C  M7,  LC? — CM?  :  :  3R?,  F — R? ; 
for  there  is  the  fame  Ratio  between  C  M  and  LC  as  between  R  and  I  *.  * 
But  as  the  Ratio  between  Rand  I  is  given,  the  Ratio  between  the  Semi¬ 
diameter  B  C,  and  the  Line  B  L  is  known,  which  is  the  Sine  of  the  An¬ 
gle  B  C  L,  which  Angle  therefore  is  given ;  therefore  the  Arch  B  N  is 
known,  as  alfo  F  H,  for  thefe  are  equal. 

As  to  red  Rays,  I  is  to  R,  as  4  to  3.  Therefore, 

27?  7  :  :  B  C9  (ioo,ooo2)  B  U. 
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And  we  find  B  L=509i6  •,  which  Number  is  the  Sine  of  the  Angle 
30°.  37'.  Wherefore  the  Arches  BN  and  FHare  each  equal  to  6i°.  14'. 

The  Sine  B L  being  given,  the  Sine  B M  of  the  Angle  BCM  is  alfo 
given  ;  becaufe  I  (4)  12  R  (6)  :  :  BL  (50916,)  BM=7  63  74= the  Sine 
of  the  Angle  490.  48  *.  therefore  the  Arch  B  D  is  determined,  to  which  * 

DF  is  equal,  and  each  is  990.  36'. 

TCDP  being  drawn,  the  Arch  B  T  is  8o°.  24'.  and  D  N  is  38°.  22'. 
the  Meafure  of  the  Angle  B  D  T  is  half  of  the  Arch  B  T  *,  alfo  the  * 
the  Meafure  of  the  Angle  N  B  D  is  half  of  the  Arch  N  D ;  the  Angle 
TPB  is  equal  to  the  Difference  of  the  faid  Angles  *,  and  has  for  its  *  32.  El.  1 
Meafure  the  half  of  the  Difference  between  the.  Arches  B  T  and  D  N, 
and  this  whole  Difference  of  8o°.  24 — 38°.  22'.— 420.  2.  is  the  Meafure 
of  the  whole  Angle  A  P  G,  as  has  been  faid  above  *.  * 

When  the  Ratio  between  I  and  R  varies,  the  Angle  A  P  G  is  alter’d  ; 
which  is  different  according  to  the  different  Refrangibility,  as  has  been 
faid  above  * 

For  the  violet  Rays  I  is  to  R,  as  109  to  81 ;  and  if  the  Computation 
be  made  with  thefe  Numbers,  the  Arch  BN  is  found  to  be  62°.  39'. 
and  BD  10T.  1 1.  as  alfoD  N  38°.  32'  •,  laftly,  BT,  78°.  49'.  Therefore  the 
Meafure  of  the  Angle  A  P  G,  which  is  equal  to  the  Difference  between 
BT  and  DN,  is  40°.  17'.  as  has  been  alfo  obferved  above  f.  3593, 
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SCHOLIUM  II. 

Computations  concerning  the  fecond  Rainbow . 

WE  have  feen  that  the  Rays  are  efficacious,  that  return  after  two  3 6  it. 

Reflections  in  the  Drop,  if  after  the  firft  they  be  parallel,  as  Plate  119. 
DF,  df  in  this  Cafe  d D  is  the  half  of  the  Difference  between  the  Fig.  3. 
Arches  D  F  and  df  \  or  D  B  and  d  b  ;  but  their  Difference  is  B  b  minus  *  3587. 

D  d\  if  therefore  this  be  fubflraCted  from  that,  there  will  remain  the 
double  of  the  Arch  D/,  the  triple  of  which  is  therefore  Bb. 

The  ReCtangle  made  of  D  E  and  E  B  is  equal  to  the  ReCtangle  made 
ofdEandE^*;  *35.  El.  3. 

Therefore  D  E, ,  E  d  :  :  b  E,  E  B  -f ,  1 6.  El.  6. 

and  B  b  being  put  fo  fmall,  that  it  may  be  taken  for  a  right  Line,  the 
Triangles  B£E,  and  D  dE  will  be  fimilar  *.  *  6  EL  6. 

Vol.  II.  Mm  There- 
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Therefore  D  E  is  to  E  or  E  B  :  :  D  d9  B  that  is,  as  1  to3 . 

Therefore  MD  is  divided  into  two  equal  Parts  at  E*,  and  ME  s  a 
third  Part  of  E  B,  and  m  E  a  third  Part  of  E  h . 

Now  if,  as  in  Fig.  4.  PI.  118.  the  Triangles  B oh,  Bpb  and  M mn 
be  formed,  M  m  will  be  a  third  Part  of  B£,  and  Bp  triple  of  M»; 
now  if,  mutatis  mutandis,  we  apply  to  this  Figure,  what  has  been  de- 
monftrated  concerning  the  faid  Figure  *,  we  have, 

I,  R  :  :  CL,  CM  :  :  L/,  Mn* 

BL,  BM  :  :  L/,  B y>  =r  jM»  :  :  I,  3R::CL,  3CM* 
Whence  by  Reafoning  we  deduce,  as  above  *, 

Ba,  BU  :  :  8  R?,  V  —  R*. 

From  which  Proportion,  as  was  faid  of  Fig.  4.  pi.  118*,  the  Arch 
B  N  is  difcovered,  to  which  H  G  is  equal ;  and  becaufe  in  this  Cafe,, 
as  has  been  feen, 

B  L,  B  M  :  :  I,  3R+. 

The  Arch  B  D  is  alfo  difcovered,  to  which,  by  reafon  that  the  Angles 
of  Refledtion  are  equal  to  the  Angles  of  Incidence  DF  and  F  H  are 
equal. 

From  which  being  given,  the  Arches  N  DT,  and  B  t  are  eafily  found, 
the  Difference  of  which,  as  follows  from  what  is  demonftrated  above*, 
is  the  Meafure  of  the  Angle  H  P  B,  made  by  the  Ray  going  out  with 
the  incident  Ray  *,  which  Angle  in  this  Cafe  is  the  fmalleft  of  all  fimilar 
ones,  and  different  according  to  the  different  Refrangibility  of  the  Rays. 

Let,  as  above,  *  I  be  to  R,  as  4  to  3,  and  we  have  72.  7  : :  B  Cf,  B  Lf, 
whence  we  find  B  L  to  be  the  Sine  of  the  Arch  180.  10'  i,  and  the  Arch 
B  N  to  be  36°.  21'. 

We  alfo  have,  4,  9  :  :  BL,  B  M,  and  we  find  this  laft  Line  to  be  the 
Sine  of  the  Arch  440.  33'.  which  if  it  be  tripled,  there  will  be  given 
the  Arch  B  D  T  1 3  30.  39'.  fubftra&ing  the  Arch  B  N,  there  remains  N  T, 
970.  1 8'.  fubftradting  B  D  T  from  the  two  right  ones,  there  is  given  B  /, 
46°.  21.  and  the  Meafure  of  the  Angle  fought  A  P  I  =  G  P  N  is  970. 

1 8  .  — '46°.  21'.  =  50°.  57'.  as  above*. 

Thefe  Things  relate  to  red  Rays  ^  as  to  the  violet  ones,  I  is  to  R,  as 
109  to  81.  If  the  Computation  be  made  with  thefe  Numbers,  BN  is 
370.  S'.  BDT  135°.  37'.  NT,  98°.  29'“.  B  /  440.  22'  f.  whence  we 
deduce  the  Angle  fought  API  540.  7'.  as  has  been  alfo  faid  above  *. 


CHAP.  XXV. 

Of  the  Colours  of  thin  Plates. 

WE  proceed  to  the  Colours  of  natural  Bodies ;  and  firft  of 
all  we  think  it  proper  to  examine  their  thin  Plates.  Who¬ 
ever  has  obferved  very  thin  Glafs,  or  Bubbles  of  Water  made  with 
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Soap,  mufthave  eafily  perceived  various  Colours  in  theirs,  the  rea- 
fon  of  which  is  the  wonderful  Thinnefs  of  the  Plates. 

For  the  Rays  of  Light,  by  Means  of  a  thin  tranfparent  Plate,  0620, 
are  feparated  from  one  another ;  and  according  to  the  different  Thick - 
nefs  of  the  Plate ,  the  Rays  of  J ome  Colours  are  tra?ifmittedy  and  thofe 
of  others  reflected-,  and  the  fame  very  thin  Plate  is  oj  one  Colour , 
when  feen  by  the  tranfmitted  Rays ,  and  another  when  Jeen  by  reflect¬ 
ed  ones . 

Experiment  i. 

If  two  objedt  Glafles  AB  and  CD,  of  long  Telefcopes  be  laid  3621, 
upon  one  another,  and  be  prefled  hard  together,  in  the  Middle,  pp  I20o 
where  the  Glafles  touch  one  another,  you  will  fee  a  tranfparent  Spot  Fig.  2 e 
furrounded  with  colour’d  Circles.  That  this  may  be  done  regular¬ 
ly  and  conveniently,  we  put  thefe  upon  three  Feet  p,  py  py  and 
prefs  together  the  Glafles  with  Screws,  Plates  being  put  between, 
that  the  laid  Spot  may  be  in  the  Center  of  the  Glafles.  One  of  the 
Feet  is  reprefented  by  itfelf  at  P,  L  is  the  Plate  :  If  the  Light  re¬ 
flected  by  the  Air,  lying  between  the  Glafles,  comes  to  the  Eye 
at  O,  there  will  appear  a  black  Spot,  and  the  Colours,  which  as 
you  go  from  the  Center,  are  fo  difpofed,  that  by  Reafon  of  the 
Repetition  of  Colours,  they  may  be  referred,  to  feveral  Orders, 
which  are  as  follow,  black,  blue,  white,  yellow,  red;  violet,  blue,  3622* 
green,  yellow,  red;  purple,  blue,  green,  yellow,  red;  green,  red; 
which  Colours  are  alfo  furrounded  with  other  Colours,  growing 
weaker  and  weaker  the  farther  they  are  from  the  Center. 

Experiment  2. 

If  the  Light  pafles  through  the  Glafles,  and  the  Plate  of  Air  3623. 

which  is  between  into  the  Eyes,  the  Spot  in  the  Middle,  through 
which  Rays  of  all  Colours  pafs,  appears  white,  and  in  receding 
from  the  Center,  the  Colours,  which  alfo  may  be  refer’d  to  diffe¬ 
rent  Orders,  oppofite  to  the  foregoing  ones,  appear  according  to 
this  Series. 

White,  yellowifh,  red,  black,  violet,  blue;  white,  yellow,  red,  3624« 
violet,  blue  ;  green,  yellow,  red,  bluifli  green ;  red,  bluifli  green ; 
which  are  alfo  encompafled  with  weaker  Colours. 

In  thefe  two  Experiments,  the  Orders  of  the  Colours  are  eafily  3625. 
perceived,  if  the  Glafles  of  Telefcopes  of  only  thirty  Feet  be  made 
ufe  of ;  but  the  Colours  are  not  fo  eafily  diftinguifhed  in  their  Or¬ 
ders,  except  there  be  Glafles  of  Telefcopes  of  200  Feet  or  more; 
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but  thefe  being  wanting,  we  may  diftinguifh  the  fame  Colours 
by  another  Method. 

Experiment  3. 

The  right-angled  Prifms  abovemention’d  *,  are  joined  together, 
as  was  there  faid,  without  putting  Papers  between,  as  in  the  Ex¬ 
periment  N°  3570.  The  Surface  of  the  Prifms  are  never  fo  per¬ 
fectly  plane,  as  to  touch  one  another  every  where,  when  applied 
together  ;  there  is  only  immediate  ContaCt  in  one  Place,  and  there 
the  Spot  appears  black  by  reflected  Rays. 

The  Prifms  muft  be  fo  preflfed  together  by  Screws,  that  the 
Spot  may  be  placed  in  the  Middle  of  the  Surfaces  applied  toge¬ 
ther,  and  the  Compreflion  may  be  very  clofe ;  then  the  Spot  is  fur- 
rounded  by  oblong  Rings,  in  which  the  Colours  are  diftinguifhed, 
where  the  Rings  are  broader,  which  obtains  at  the  Extremities  of 
the  Axes  of  the  greater  Rings. 

If  we  obferve  the  Rings,  Rays  being  tranlmitted,  what  was 
mentioned  in  the  laft  Experiment  but  one  *,  is  again  difcovered 
and  the  Colours  are  feparated  more. 

Thefe  Colours  do  not  depend  upon  a  peculiar  Property  of  the 
Air  ;  it  is  well  known  that  very  thin  Plates  of  Glafs  or  Water, 
are  tinged  with  Colours :  But  we  fee  diftinCtly  thefe  Colours  in  Wa¬ 
ter,  by  the  following  Method. 

Ex  periment  4. 

^629.  A  thin  Plate  of  Water  is  made,  if  the  Water  be  made  thick 
a  little  with  Soap,  and  be  blown  up  into  a  Bubble  through  a  Pipe. 
A  Glafs  Plate  is  applied  to  a  black  Plane,  and  the  Bubble  is 
put  upon  that,  in  fuch  Manner,  that  it  makes  the  Figure  of  an 
Hemifphere.  This  Bubble  is  covered  by  a  fmall  Glafs  Bell,  which 
is  very  tranfparent,  left  by  the  Agitation  of  the  Air,  the  Colours, 
which  are  obferved  in  this  Bubble,  be  confufed  by  the  Motion  of 
the  Water ;  fuch  a  Bubble  is  thinned:  at  Top,  becaufe  the  Water 
continually  flows  down  towards  all  the  Parts,  and  the  Thicknefs 
is  increafed  continually  as  you  defcend,  and  the  Thicknefs  of  the 
whole  from  the  fame  Caufe,  is  every  Moment  diminifhed.  Be¬ 
fore  the  Bubble  is  broke,  it  is  fo  thin  in  the  upper  Part,,  that 
it  tranfmits  all  the  Light,  and  appears  black:  If  in  this  Cafe, 
the  Bubble  be  obferv’d  by  reflected  Rays,  whilft  it  is  illuminated 
by  a  white  Sky,  and  the  extraneous  Light  is  intercepted  by  any 
black  Body,  plac’d  beyond  the  Bubble  ;  the  faid  black  Spot  is  fur- 
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rounded  by  the  fame  colour’d  Rings,  and  difpofed  in  the  fame 
Order,  as  thofe  obferved  in  the  black  Spot,  in  the  firft  Experiment, 
As  the  Water  defeends,  the  colour’d  Rings  are  continually  dilated 
till  the  Bubble  is  broke.  Care  muft  alfo  be  taken,  that  extraneous 
Objects  do  not  appear  in  the  Bubble  itfelf,  as  in  a  Mirror ;  for  by 
thefe,  the  Rings  are  in  a  Manner  interrupted. 


Experiment  5. 

If,  when  the  Extremity  of  the  Bubble  appears  by  reflected  Rays, 
a  Spectator  beholds  it  by  tranfmitted  Rays,  it  will  be  blue ;  and 
in  general,  the  Colours  by  tranfmitted  and  reflected  Rays,  are  in 
the  fame  Manner  oppofite  to  the  Colours  of  the  foregoing  Ex¬ 
periment,  as  the  Colours  are  oppofite  in  the  two  firft  Experi¬ 
ments. 

From  thefe  Experiments  compared,  it  follows  that  by  incrcajing 
the  Phicknefs  of  a  very  thin  Plate ,  it's  Colour  is  alter'd ,  and  indeed 
that  there  are  fuccejfively  the  fame  Alterations  in  the  fame  Order , 
whether  the  Medium  of  which  it  is  made ,  has  a  greater  or  lefs  refr aid¬ 
ing  Force ;  for  in  a  Plate  of  Air  between  the  Glafles,  and  a  Plate 
of  Water  in  the  Bubble,  the  Thickneflfes  of  which  increafe,  in 
receding  from  the  Middle  Point,  the  Colours  are  placed  in  the 
fame  Order. 

Yet  in  a  more  refracting  Plate ,  a  lefs  Phicknefs  is  required ,  than 
in  a  lefs  refracting  one ,  that  they  may  be  tinged  with  the  Jame 
Colour . 


3630* 
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Experiment  6. 

The  fame  Things  being  given,  which  were  mentioned  in  the  3633. 
firft  and  third  Experiments  of  this  Chapter ;  if  a  fmall  Quantity 
of  Water  be  put  between  the  Margins  of  the  Glafles  on  one  Side, 
by  little  and  little  it  penetrates  between  them ;  and  in  the  Water 
there  are  no  other  Colours  obferved  than  in  the  Air,  neither  is 
the  Order  of  them  altered,  but  the  Circles  are  contracted:  When 
the  Water  has  come  to  the  Center,  all  the  Portions  of  the  Circles 
in  the  Water,  are  feparated  from  the  Portions  of  the  Air,  and  re¬ 
duced  into  a  lefs  Space. 

Phe  Colour  of  a  Plate  depends  upon  it's  Phi  chiefs  and  ref  raiding 
Force ,  not  upon  the  Medium  furrounding  it. 
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Experiment  7. 

If  a  Plate  of  thin  Glafs,  be  fo  thin  as  to  appear  coloured,  the 
Colours  are  not  altered,  if  it  be  made  wet;  that  is,  if  the  Plate  be 
furrounded  with  Water,  inftead  of  Air,  the  Colour  of  the  fame 
Plate  is  fo  much  the  more  vivid,  as  if  s  Denfity  differs  more  from  the 
Denfity  of  the  circumambient  Medium . 

This  is  proved  by  Experiments  already  explained ;  for  the  Co¬ 
lours  of  a  Plate  made  wet  are  more  faint,  than  of  the  fame  Plate 
furrounded  with  Air.  The  Colours  in  the  Plate  of  Water  are  al- 
fo  lefs  vivid,  which  is  furrounded  with  Glafs,  than  that  which  is 
furrounded  with  Air ;  but  W ater  and  Glafs  differ  lefs  in  the  re- 
fradting  Force,  than  Air  and  Water. 

If  Mediums  equally  differ  in  their  ref  rafting  Force ,  the  Colours 
will  be  more  vivid ,  if  the  more  refrafting  Medium  be  encompaffed 
with  the  lefs  refrafting  one ,  for  in  a  very  thin  Glafs  Plate,  which  is 
tinged  with  Colours,  becaufe  of  it’s  Thinnefs  encompaffed  with 
Air,  the  Colours  will  be  more  vivid,  than  in  the  Experiment  *, 
in  which  the  Plate  of  Air  is  furrounded  with  Glafs. 

A  Plate  of  the  fame  Matter ,  encompaffed  with  the  fame  Medium , 
reflefts  fo  much  the  more  Light  as  it  is  thinner ;  yet  if  the  Phicknefs 
be  too  much  leffened ,  it  does  not  refleft  the  Light .  Thefe  Things  are 
evident  from  the  foregoing  Experiments,  in  which,  the  leffer  co¬ 
loured  Circles,  which  are  the  thinned:  too,  refledt  the  Light  the  bed: 
of  any ;  but  in  the  Center,  where  the  Plate  is  the  thinned:  of  all, 
there  is  no  fendble  Refledtion  ;  as  clearly  appears  in  the  fourth  Ex¬ 
periment.  In  the  three  firfl,  there  is  alfo  a  very  thin  Plate  of 
Air,  which  does  not  refledt  the  Light,  for  the  tranfparent  Spot  is 
bigger  than  thofe  Parts  of  the  Surfaces  of  the  Glades,  which  im¬ 
mediately  touch,  by  the  yielding  of  the  compreffed  Parts  inwards. 

If  there  are  Plates  of  the  fame  Medium ,  whofe  Lhickneffes  are  in 
an  arithmetical  Progreffion  of  the  natural  Numbers,  1,  2,  3,  4,  5, 6, 7, 
&c.  If  the  thinneft  of  them  all  reflefts  any  homogeneous  Rays ,  the 
fecond  will  tranfmit  the  fame ,  the  third  will  refledt  them  again,  and 
the  Rays  will  be  alternately  reflefted  and  tranfmitted ;  that  is,  the 
Plates,  whofe  Thicknefles  anfwer  to  the  odd  Numbers,  j,  3,  5,  7, 
&c.  of  the  arithmetical  Progrefiiofi  aforefaid,  refledt  the  Rays, 
which  the  others  tranfmit,  whofe  Thicknefles  anfwer  to  the  even 
Numbers,  2,  4,  6,  8,  &c. 

This  Property  of  the  Plates,  obtains  in  refpedt  of  any  Sort  of 
homogeneous  Rays,  with  this  Difference,  that  there  are  different 
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Thickneffes  required  for  different  Colours,  as  has  been  already 

faid,  * ;  the  leaft  of  all  is  for  the  Reflection  of  the  violet  Colour,  *  363  r. 

and  the  Thicknefs  for  reflefting  the  red  is  greateft ;  if  the  Thick- 

neffes  are  intermediate,  the  Rays  of  an  intermediate  Refrangibili- 

ty  are  reflected,  that  is,  as  the  Refrangibility  of  the  Ray  increafes,  3644. 

the  Thicknefs  of  the  Plate  which  refects  it  is  lefened. 

Expe r  1  men t  8. 

This  Experiment  is  made  in  a  dark  Place,  to  produce  the  oblong  ^  645. 
Images  of  the  Sun  fo  often  mentioned,  upon  a  Paper  *.  Let  there  *  3484, 
be,  as  inN.  3621,  two  object  Glafles  of  long  Telefcopes,  prefled 
together,but  gently  that  the  Parts  may  not  yield  inwards,  and  the  Eye 
fo  difpofed,  that  the  Rays  proceeding  from  the  Image  may  enter  into 
the  Eye,  reflected  fomewhat  obliquely  by  the  Glafles,  that  the  Eye 
may  fee  all  the  Colours  of  the  faid  Image  fucceflively,  as  in  a  Mirror  ; 
that  is,  that  the  Glaflfes  may  be  fucceflively  enlightened  by  different 
homogeneous  Rays  5  which  may  be  done  by  gently  moving  the  Prifrn 
about  it’s  Axis,  by  which  the  Rays  are  feparated  in  the  oblong  Image. 

The  Rings  mentioned  in  the  firft  Experiment  appear,  but  in  great¬ 
er  Number,  and  only  of  one  Colour,  becaufe  of  the  Immutability 
of  the  Colour  in  the  homogeneous  Rays  in  the  Interfiles  of  ^  3513. 
thofe  Rings  the  Rays  are  tranfmitted,  as  appears  from  the  Black- 
nefs;  it  isalfo  immediately  demonftrated,  if  the  Rays  fall  upon  the 
Glafles  themfelves  5  for  thofe,  which  pafs  through  the  Separations 
of  the  Rings,  give  Circles  of  the  fame  Colour  on  Paper,  placed 
behind  the  Glafles;  the  Rings  are  the  leaft  of  all,  when  they  are 
violet,  then  they  are  fucceflively  dilated,  confidering  the  follow¬ 
ing  Colours,  quite  to  the  red.  Thefe  Things  are  demonftrated 
diftindlly  with  the  Prifms*,  but  the  Glafles  muft  be  fpherical,  and  *  2626. 
but  a  little  convex,  that  what  follows  may  appear. 

If  when  the  Rings  are  of  any  Colour,  the  Glafles  and  the  Eye  3646. 
remaining  fixed,  you  meafure  exactly  the  Diameters  of  the  Cir¬ 
cles,  that  may  be  conceived  to  be  in  the  Middle  of  the  Breadth 
of  the  Rings,  the  Squares  of  the  Diameters  will  be  to  one  ano¬ 
ther,  as  the  odd  Numbers  1,  3,  5,  &c.  And  in  the  fame  Manner 
if  the  Diameters  of  the  Circles  be  meafured,  which  are  in  the 
Middle  of  every  one  of  the  Interftices  between  the  Rings,  the 
Squares  of  their  Diameters  wdll  be  as  the  even  Numbers  2,  4,  6,  &c„. 
but  in  Glafles  that  are  fpherical,  the  Squares  of  the  Diameters  are  as 
the  Thicknefs  of  the  Plate  of  Air,  in  the  aforefaid  Circle,  that  is3i 
thefe  Thickneffes  are  as  the  even  and  odd  Numbers,, 
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Plate  120. 
Fig.  3. 


Definition 

An  homogeneous  Colour  in  a  Plate  of  any  Medium ,  is  faid  to 
be  of  the  firf  Order ,  if  the  Plate  be  the  thinnef  of  all  thofe  that 
reflect  that  Colour ;  in  a  Plate ,  whofe  Phicknefs  is  triple ,  it  is  faid  to 
be  of  the  fecond  Order ,  &c/ 

A  Colour  of  the  fir (l  Order  is  the  mofi  vivid  of  any ,  and  fuccejjive- 
ly  in  the  following  Orders ,  in  the  fecond,  third ,  &c.  it  is  lefs  and  lefs 
vivid*. 

When  a  Plate  of  Air  is  enlightened  with  heterogeneous  Rays, 
as  that  between  the  Glafles  of  the  Telefcopes,  or  any  Plate  like 
it,  of  any  other  Matter,  as  N.  3629,  feveral  of  the  Rings  feen  in 
the  Experiment  N.  3645,  are  confufed,  and  that  Colour  is  feen, 
which  is  made  of  their  Mixture  ;  for  the  fame  Phicknefs  of  a  Plate 
is  often  required  for  reflecting  different  Colours  of  different  Orders  : 
Thus  a  Plate  which  reflects  the  violet  of  the  third  Order,  does 
alfo  refleCt  the  red  of  the  fecond  Order,  as  may  be  gathered  from 
the  laft  Experiment,  if  it  be  attentively  confidered  :  And  therefore, 
in  N.  3622.  3629.  the  third  violet  Ring  is  confounded  with  the 
outward  Edge  of  the  fecond  red  Ring,  and  a  purple  Colour  is 
produced  ;  yet  all  the  red  of  the  fecond  Order  is  not  abforbed, 
becaufe  the  red  Ring  is  wider  than  the  violet  Ring. 

Phe  more  the  Phicknefs  of  a  Plate  is  encreafed ,  the  more  Colours 
it  reflects ,  and  various  ones  too ,  of  different  Orders.  The  violet 
Plate  of  the  tenth  Order,  agrees  with  the  blue  one  of  the  ninth, 
and  the  yellow  one  of  the  eighth  Order,  and  laftly,  with  the  red 
one  of  the  feventh  Order,  and  the  Colour  of  the  Plate  confifts 
of  the  Mixture  of  thefe  Colours. 

If  in  the  firft  and  fourth  Experiments  of  this  Chapter,  a  Spectator 
looks  obliquely  upon  the  Plates ,  fuch  as  that  made  of  Air,  and  that  made 
of  Water,  the  Rings  will  be  dilated,  as  they  are  feen  more  ob¬ 
liquely,  that  is,  in  this  Motion  of  the  Eye,  the  Colour  of  the  Plate 
is  changed  in  a  determinate  Place ;  yet  the  Dilatation  is  greater  in 
N.  3621,  which  proves  that  the  Colour  is  more  changed  by  the  Ob¬ 
liquity  of  the  Rays ,  if  the  Plate  be  encompaffed  with  a  more  refract¬ 
ing  Medium ,  than  if  it  is  encompafed  by  a  lefs  refracting  one. 

The  Demonftration  of  which  Propofition  is  eafily  deduced  from 
the  Laws  of  Refraction.  Let  L  and  /  be  thin  Plates  >  the  laft 
encompaffed  with  a  more  refracting  Medium,  and  the  firft  with 
a  lefs  refracting  Medium,  and  let  them  both  be  of  the  fame  Thick- 
nefs :  If  the  Rays  A  B,  a  b,  equally  inclined  to  the  Plates,  fall 
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upon  them,  there  will  be  a  Refradtion  at  L,  towards  the  Perpen¬ 
dicular*,  on  the  contrary  at  /  the  Ray  is  refradted  from  the  *  2787-284o. 
Perpendicular  *f* 5  and  though  B  D  and  b  d  are  equal,  be  is  longer  *  2783.2840. 
than  B  C  ;  and  therefore  there  is  a  greater  Change  in  the  Motion 
of  the  Light  in  the  Plate  /  than  in  L. 

The  refracting  Force  of  the  Plate  L  being  increafed ,  the  lefs  refraCt-  <5  6  c  C 
big  Medium  with  which  it  is  encompajfed  remaining ,  there  will  be  ** 

a  lefs  Difference  between  BC  and  BD,  and  fo  a  lefs  Change  of  Co-  3656. 

lours  3  and  if  the  refracting  Power  of  the  Plate  be  augmented ,  fo 
that  the  refracted  Rays,  whatever  be  the  Obliquity  of  the  incident 
ones,  ihall  not  fenfibly  Differ,  there  will  be  no  fenfible  Difference 
in  the  Colour  of  the  Plate ,  whatever  Situation  the  Rye  is  placed  in. 

From  hence  we  deduce,  that  the  Colour  of  fome  Plates  will  vary  ^  -- 
upon  changing  the  Poftion  of  the  Eye ,  and  that  the  Colour  of  others 
is  permanent. 


CHAP.  XXVI. 


Of  the  Colours  of  natural  Bodies. 


WHAT  regards  the  Colours  of  all  Sorts  of  Bodies,  may  ea- 
fily  be  deduced,  from  what  has  been  already  explained. 
The  refledted  Rays  are  to  be  firft  examined,  and  the  Make  of 
the  Surfaces  muft  be  inquired  into. 

We  have  fhewn  that  the  Rays  of  Light  have  Colours  peculiar 
to  themfelves,  and  unchangeable,  fo  as  not  to  be  changed  by 
Refledlion  *.  * 

Therefore  the  Rays  reflected  from  Bodiesy  have  a  greater  or  lefs 
Refrangibility ,  according  as  a  greater  or  lefs  Refrangibility  is  pro¬ 
per  to  the  Colour  of  the  Body  itfelf. 


36J8- 
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Experiment  i. 

Let  two  fquare  Pieces  of  Ribbon,  or  Cloth,  the  one  fed,  and  the  3660. 

other  blue,  be  fixed  in  the  Middle  of  a  black  Paper,  and  fo  join’d 
as  to  touch  one  another  at  their  Sides.  Place  the  Paper  fo,  as  that 
the  Ribbons  may  be  well  enlightened  by  the  Light  which  comes 
through  a  Window  into  a  Room  3  if  a  Spectator  looks  at  the  Rib¬ 
bons  through  a  Prifm,  the  Colours  will  appear  feparated.  But  the  PI.  12 10 
Experiment  anfwers  better  if  it  be  made  as  the  fecond  Experi-  Fig.  1 . 
ment  of  the  twenty  fecond  Chapter  3  then  the  faid  Pieces  of  Rib- 
Vol.  II.  N  n  bon, 
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bon,  or  Cloth,  are  applied  to  the  Ruler  L  L  ;  alfo  the  painted  Spots 
of  the  faid  Colours,  if  thefe  be  intenfe  may  be  made  ufe  of : 
They  are  illuftrated  with  Light  reflected  from  a  Mirror,  the  other 

*  3545*  Things  were  fhewn  in  the  faid  Experiment  *,  and  the  Succefs  is 

*  3543-  the  fame  *. 

Experiment  2. 

3661.  This  Experiment  is  made  in  the  fame  Manner  as  the  third  Ex- 

Plate  12 1.  periment  of  the  twenty  fecond  Chapter  ;  but  inftead  of  the  black 

Fig.  2.  Lines,  we  make  ufe  of  a  black  filken  Thread,  which  we  wind 

about  the  Ruler  L  L  in  fuch  Manner,  that  the  black  Lines  may  tru¬ 
ly  pafs  through  the  coloured  Surfaces,  which  are  illuminated  with 
Light  reflected  from  the  Mirror,  inftead  of  the  coloured  Image, 
which  is  made  ufe  of  in  the  fame  Experiment.  The  Spots  are 
reprefented  upon  a  Paper  t,  as  in  the  faid  Experiment;,  alfo,  as 
there,  the  white  Paper  muft  be  placed  at  a  lefs  Diftance,  that 
we  may  have  an  exadt  Reprefentation  of  the  blue  Spot :  We  ea- 
fily  difcover  when  the  Reprefentations  are  exadt,  for  the  Threads 
appear  diftindt. 

3662.  That  Bodies  have  various  Colours ,  becaufe  different  Rays  are 
reflected  from  Bodies  of  different  Colours ,  and  that  a  Body  ap¬ 
pears  of  that  Colour  which  arijes  from  the  Mixture  of  the  refe di¬ 
ed  Rays ,  is  not  only  deduced  from  the  foregoing  Experiments, 
but  may  alfo  be  demonftrated  diredtly  by  the  ift  Experiment, 
Chap.  22.  From  whence  it  follows,  that  natural  Bodies  refledt 
Rays  of  all  Colours,  but  fome  in  a  greater  Plenty ;  and  thefe  on¬ 
ly  are  fenfible,  when  Bodies  are  enlightened  with  heterogeneous 

*  3 538.  Light  *.  The  Rays  which  are  not  refledted  from  a  Body,  pene- 

3663.  trate  into  it,  and  there  fuffer  innumerable  Refledtions  and  Reffac- 

*  3448.  tions,  till  at  laft  they  unite  thefrifelves  to  the  Particles  of  the  Body 

3664.  itfelf;  therefore  a  Body  grows  hot  fo  much  the  fooner ,  as  it  refedfs 

*  339 7.  Light  in  a  lefs  Quantity ;  therefore  a  white  Body,  which  refledts 

3665.  almoft  all  the  Rays  with  which  it  is  enlightened*,  heats  the  flowefi, 

*  242 1 .  whilfl  a  black  Body ,  into  which  almoft  all  the  Rays  penetrate,  be- 

+  3563-  caufe  only  a  few  are  reflected  acquires  Heat  Jooner  than  any 

other . 

3666.  In  Order  to  determine  the  Conftitution  of  the  Surfaces  of  Bo¬ 
dies,  upon  which  their  Colour  depends,  we  muft  confider  the 
fmalleft  Particles  of  which  thofe  Surfaces  are  formed ;  thefe  Par- 

*  3443*  tides  are  tranfparent*,and  are  feparated  by  a  Medium  of  a  different 

*  344^  refradting  Force,  from  the  Particles  themfelves*;  they  are  alfo  thin, 

v  other- 
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3668. 


3669. 

*  3634* 

3670. 


Chap.  26.  of  Natural  Philofophy. 

otherwife  the  Surface  would  as  it  were  be  covered  with  a  tranf- 
parentBody*,  and  the  Colour  would  depend  upon  the  Particles  *  3449. 
underneath  thefe  :  Therefore  there  are  innumerable  fmall  thin  3667, 
Plates  in  the  Surface  of  every  colour’d  Body;  but  by  leflening  the  / 
Plate,  when  the  fame  Thicknefs  is  preferved,  it’s  Properties  with 
regard  to  the  Reflection  of  Light  are  not  alter’d ;  for  the  fmallefl: 

Plate  is  very  large  in  relpedt  to  the  Rays  of  Light ;  therefore 
what  has  been  demonftrated  in  the  laft  Chapter  may  be  applied 
to  thefe  Plates,  in  the  Surfaces  of  Bodies,  from  whence  we  deduce 
the  following  Conclufions. 

The  Colour  of  a  Body  depends  upon  the  Thicknefs  and  ref  raffing 
Force  of  the  Parts  of  the  Body ,  which  are  in  the  Surface  between  the 
Pores  of  the  Body 

The  Colour  is  Jo  much  the  more  vivid  and  homogeneous ,  as  the  Parts 
are  thinner*.  *36+8:3651. 

Cceteris  paribus ,  the  aforefaid  Parts  are  of  the  great  eft  Thicknefs  3671. 
when  the  Body  is  red-,  and  of  the  leaf  when  it  is  violet  *.  *  3643. 

The  Parts  of  Bodies  are  of  a  much  greater  refraffing  Force ,  than  3672. 
the  Medium  contained  in  their  Interfiices *. 

This  refraffmg  Force  is  lefs  in  the  Tails  of  Peacocks,  and  gene¬ 
rally  in  all  Bodies  whofe  Colour  differs  according  to  the  different  Si¬ 
tuation  of  the  Eye  *. 

The  Colour  oj'  a  Body  is  more  obfcure  and  dark ,  when  a  more  re¬ 
fraffing  Medium  enters  if  s  Pores  *,  for  then  the  Parts,  upon  which  *  3656. 
the  Colour  depends,  are  encompafled  by  a  more  refracting  Medi¬ 
um  than  before. 

This  is  found  by  Experience,  in  all  Bodies  which  are  thorough¬ 
ly  penetrated  by  Water  or  Oil ;  when  the  Bodies  are  dry  they  re¬ 
cover  their  former  Colour,  unlefs  in  fome  Cafes,  in  which  fome 
Parts  are  carried  away,  by  the  Action  of  the  Water  or  Oil,  or 
when  fome  Parts  of  the  Water  or  Oil  are  fo  united  with  the  Parts 
of  the  Body,  as  to  change  the  Thicknefs  of  the  Plates. 

From  fuch  a  Caufe  are  deduced  the  Changes  in  the  Colours  of 
fome  Liquors,  upon  mixing  them  with  others ;  the  f aline  Parti¬ 
cles  fwimming  in  one  Liquid,  often  unite  themfelves  to  the  Jaline  Par¬ 
ticles  fwimming  in  one  another ;  or  from  the  Affion  of  the  fuper - 
venient  Particles ,  the  Particles  joined  together  are  feparated ;  by  all 
which  the  Thicknefs  of  the  Particles,  and  with  that  the  Colour  of 
the  Liquid  is  changed  * .  *  3631 

The  Colour  of  a  Liquid  is  fometimes  different,  if  it  be  feen  by  refleff- 
ed  Rays,  from  what  it  is  when  feen  by  tranftnitted  ones :  We  have 
fliewn  before  how  this  happens  *e  N  n  2  Ex-  *  3622.3624. 


*3653-3655- 

3656. 

3673- 

*  3652.3655. 

3674- 


3675- 


3676, 


3  677- 
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3678. 


Experiment  3. 

An  Infufion  of  Lignum  Nephriticum ,  not  too  much  tinged*  ap¬ 
pears  blue  by  reflected  Rays,  but  yellow  when  the  Vial  containing 
it  is  between  the  Eye  and  the  Light, 


3  679- 
368°. 


368l. 


3682. 


Experiment  4. 

If  Spirit  of  Vinegar  be  poured  into  the  Infufion  of  Lignum  Ne¬ 
phriticum,  it  appears  yellow  wherefoever  it  be  feen. 

In  that  cafe  the  Thicknefs  of  the  Particles  is  changed,  and  the  Rays 
that  were  tranfmitted  through  each  of  the  Particles  are  intercepted ; 
but  though  the  Liquor  is  placed  between  the  Eye  and  the  Light*  it 
is  feen  by  reflected  Rays ;  for  we  may  eafily  conceive  that  fuch  Rays 
come  to  the  Eye  from  the  various  Reflections  which  the  Light  fu£- 
fers  in  the  Liquid.  But  this  Colour  only  is  fenfible,  becaufe  the  Rays 
cannot  penetrate  dire<Sly  through  the  Liquid. 

From  this  we  may  deduce  the  Reafon  why  a  coloured  Liquid ,  in 
a  Glajs  of  the  Figure  of  an  inverted  Cone ,  when  it  is  placed  between 
the  Eye  and  the  Light ,  appears  of  a  different  Colour  in  different  Parts 
of  the  Veffel ,  in  the  lower  Part  all  the  Rays  which  are  tranfmitted 
through  the  Particles  are  not  intercepted  *  then  they  are  more  and 
more  intercepted,  according  as  there  is  a  greater  Quantity  of  the 
Liquid  between  the  Eye  and  the  Light ;  at  laft  they  come  to  be  all 
intercepted,  and  only  thofe  which  are  reflected  by  the  Particles  do 
penetrate  into  the  Liquid  ;  in  which  Cafe  the  Colour  coincides  with 
the  Colour  of  the  Liquid  feen  by  the  reflected  Rays. 

Oftentimes  the  Clouds  appear  with  very  beautiful  Colours .  They 
confift  of  aqueous  Particles,  between  which  Air  is  interfperfed ;  con- 
fequently  a  Cloud  will  be  of  a  different  Colour,  according  to  the  va¬ 
rious  Thicknefs  of  thfe  aqueous  Particles  ** 
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CHAP.  I. 

A  general  Idea  of  the  Planetary  Syftem . 

HE,  who  attentively  confiders  that  Space  can  be  terminated  36837 
by  no  Bounds  *,  will  fcarce  be  able  to  deny,  that  the  fu~  *  2y9 
preme  Almighty  Intelligence  has  every  where  manifefted  the  fame 
Wifdom,  which  he  has  fhewn  to  the  Inhabitants  of  the  Earth  in 
a  fmall  Compafs.  What  I  here  call  a  fmall  Compafs  immenfe- 
ly  exceeds  our  Comprehenfion  y  yet  it  is  but  fmall,  compared  with 
infinite  Space. 

Our  Earth ,  with  Jixteen  other  Bodies  (for  we  have  no  Knowledge  3684" 
of  any  more)  moves  in  a  determinate  Space ;  neither  do  thefe  Bo¬ 
dies  recede  from,  or  come  nearer  to  one  another,  beyond  their 
fet  Bounds  5  and  their  Motions  are  performed  according  to  unchange -  3685» 

able  Laws,. 


Dbfi- 
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3686« 

3687. 


Definition  i. 

This  Colle  Elion  of feventeen  Bodies  is  called  the  Planetary  Syjiem.  The 
whole  Art  of  Aftronomy  is  almoft  employed  concerning  thefe 
alone ;  and  thefe  will  be  chiefly  my  Subjeft  in  this  Book  :  The 
other  Bodies  that  conftitute  the  Univerfe  are  too  far  diftant  from 
us  for  their  Motions  (if  they  are  mov'd)  to  fall  under  our  Obfer- 
vations :  Of  thefe  only  the  lucid  Bodies  can  be  perceived  by  us  $ 
and  of  thefe  only  the  moft  remarkable  ones,  and  which  are  lefs 
diftant  from  us  than  the  reft,  even  moft  of  fuch  as  are  feen  by  the 

Telefcope,  are  invifible  to  the  Eye. 

‘  L.  '  J  JL  J\  v;.  'a.  /i  Li.' 

Definition  2. 


3688. 

3689. 


369°. 


3691. 


All  thefe  Bodies  are  called  fixed  Stars. 

They  are  called  fixed,  becaufe,  as  far  as  can  be  perceived, 
they  keep  the  fame  Pofition,  with  refpedt  to  one  another :  We 
muft  take  Notice  of  fomething  peculiar  concerning  thefe  hereafter. 

But  as  to  the  planetary  Syftem :  In  this  we  have  faid  there  are 
feventeen  Bodies ,  which  are  all  fpherical:  One  only  Jhines  by  ifs 
own  Light ,  the  reft  are  opaque ,  and  are  ‘vifible  only  by  the  Light  which 
they  borrow  from  that . 

The  Sun  is  that  lucid  Body,  and  far  the  greatefi  of  all  in  the  pla¬ 
netary  Syflem  %  it  is  quiefcent  in  the  Middle  of  it,  at  leaft  is  agitated 
by  a  very  fmall  Motion. 


3692. 

3693- 

j 

v* 


Definition  3. 

The  other  fixteen  are  called  Planets. 

Thefe  are  divided  into  two  Clajfes  j  fix  are  called  the  primary  Pla¬ 
nets  ;  ten  are  called  the  fecondary  Planets.  When  we  fpeak  of  the 
Planets,  without  any  Diftinftion,  we  always  underftand  the  pri¬ 


mary  ones. 

3604..  The  primary  Planets  move  round  the  Sun ,  and  are  carried  at  dif¬ 
ferent  Diftances  from  it,  in  Curves  that  return  into  themfelves. 

3695.  A fecondary  Planet  revolves  round  a  primary  one,  and  accompa¬ 
nies  it  in  it’s  Motion  round  the  Sun. 

3696.  The  Planets  in  their  Motions  defer ibe  elliptic  Lines*,  not  much 
625.  different  from  Circles.  And  all  thofe  Lines  are  fixed,  at  leaft,  there 

is  but  a  fmall  Change  to  be  obferved  in  a  long  Time,  in  their  Si¬ 
tuation. 

3697.  The  Orbits  of  all  the  primary  Planets  are  in  fuch  a  Pofition  that  one 

Plate  126 ,of  their  Foci  falls  in  with  the  Center  of  the  Sun ,  let  the  Ellipfe 
Fig.  3.  AB 


* 
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A  B  a  b  reprefent  the  Orbit  of  a  Planet,  F  will  be  the  Center  of 
the  Sun. 

Definition  4. 

The  Diflance  between  the  Center  of  the  Sun ,  and  the  Center  of 
the  Orbit ,  is  called  the  Excentricity  of  the  Planet ;  as  F  C. 

In  every  Revolutio n  the  Planet  approaches  once  to  the  Sun,  and 
once  recedes  from  it  and  it’s  greateft  Diftance  is  at  a ,  the  Ex¬ 
tremity  of  the  greater  Axis  of  the  Orbit,  and  it’s  leaft  Diftance 
in  the  oppofite  Extremity  A. 

t.  ’  r  .  •  -  '  \  \  "  ,  .  \  f  *  ‘ 

:>  ,  '  ••  ,  V  *  .  \0  i 

Definition  c. 

That  Diftance  of  the  Planet  from  the  Sun  is  called  the  mean  Diftance, 
which  is  equally  different  from  the  greateft  and  the  leaf . 

At  this  Diftance  the  Planet  is  in  the  Extremities  B,  b ,  of  the 
fmaller  Axis. 

:  .  j  v  ■  , » *  .  ^ 

Definition  6. 

The  Point  of  the  Orbit ,  in  which  the  Planet  is  at  it's  greatefi  Di~ 
(lance  from  the  Suny  is  called  the  Aphelium  5  as  a. 

Defini  tion  7. 

The  Point  of  the  Orbit ,  in  which  the  Planet  is  at  it's  leaf  Di~ 
Sance  from  the  Sun ,  is  called  the  Perihelium  $  as  a . 

Definition  8. 

Thefe  Points  are  commonly  called  the  Auges  or  Apfides. 

■ .  1  'f  .>  ■  ■ 

Definition  9. 

The  Line  which  joins  the  Apfides ,  that  is,  the  greater  Axis  of 
tfe  Orbit,  is  called  the  Line  of  the  Apfides. 

Every  Orbit  is  in  a  Plane ,  which  paffes  through  the  Center  of 
the  Sun . 

Db  f  N  I  N  IT  I  O  N  10.  ; 

The  Plane  of  the  Orbit  of  the  Earth  is  called  the  Plane  of  the 
Ecliptic, 

This  Plane  is  to  be  continued  every  Way  *  and  Afironomers  con- 
fider  the  Pofition  of  the  Planes  of  the  other  Orbits,  with  refpeft 
to  this. 
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Definition  ii. 

The  'Points y  in  which  the  other  Orbits  cut  the  Plane  of  the  Eclip- 
tic y  are  called  the  Nodes . 

'  .  )V.  •  \  :  :  '  -  1 

Definition  12. 

The  Lme  which  joins  the  Nodes  of  any  Orbit,  that  is,  the  com¬ 
mon  Section  of  the  Plane  of  the  Orbit,  with  the.  Plane  of  the 
Ecliptic,  is  called  the  Lme  of  Nodes . 

A  Planet  is  not  carried  with  an  equal  Celerity  in  all  the  Points  oj 
if  s  Orbit ;  the  lefs  it  is  diftant  from  the  Sun,  the  fwifter  is  if  s  Motion ; 
and  the  Times ,  in  which  the  feveral  Archs  of  ifs  Orbit  are  run 
through ,  are  to  one  another,  as  the  Area's  formed  by  Lines  drawn  from 
the  Planet  to  the  Center  of  the  Sun ;  the  Archs  A  B  a!nd  D  d  are 
run  through  in  Times,  which  are  to  one  another,  as  the  Area's 
of  the  mix'd  Triangles  AFB,  DF  d . 

All  the  Planets  are  carried  the  fame  JVay,  and  their  Motion  in  their 
Orbits  is  contrary  to  that  Motion  which  we  obferve  daily  in  all 
the  cceleftial  Bodies,  by  which  in  one  Day  they  feem  to  be  carri¬ 
ed  round  the  Earth ;  of  which  hereafter. 

Definition  13. 

’  A  Motion ,  fuch  as  is  that  of  the  Planets  in  their  Orbits,  is  faid 
to  be  in  Confequentia,  and  diredt. 

Definition  14. 

The  contrary  Motion  is  called  a  Motion  in  Antecedentia;  and 
fometimes  retrograde. 

The  more  difant  the  Planets  are  from  the  Sun ,  the  fower  they  move 
in  their  Orbits ;  fo  that  the  periodical  Times  of  the  moft  diftant 
ones  are  greater,  both  becaufe  they  have  a  greater  Orbit  to  run 
through,  and  a  flower  Motion. 

Definition  15. 

The  Line  which  pajfes  through  the  Center  of  the  Planet,  and  about 
which  it  moves,  is  called  the  Axis  of  the  Planet. 

The  Planets ,  at  leaft  moft  of  them,  and  the  Sun  itfelf  move  round 
their  Axes :  There  are  two,  of  which,  in  this  Refpedt,  Aftrono- 
mers  have  been  able  to  make  no  Obfervations,  but  which,  in  all 
Probability,  have  this  Motion. 

This 


•  j 
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This  Motion  agrees  or  confpires  with  the  Motions  of  the  Planets  3720, 
in  their  Orbits,  that  is,  it  is  in  Confequentia . 

The  Axes  themfelves  are  mov'd  by  a  parallel  Motion ,  fo  that  all  3721. 
the  Points  of  the  Axis  of  a  Planet  defcribe  equal  and  fimilar 
Lines. 


1. 


37^4' 


3725« 


3726. 


Definit  ion  16. 

The  Extremities  of  the  Axis  are  called  the  Poles  of  the  Planet.  3722. 

Aflronomers  compare  together  accurately  enough  the  Di/lances  of  3723. 
the  Planets  from  the  Sun ,  to  give  us  an  Idea  of  the  whole  Syftem  ;  Plate  122. 
the  Dimenfions  of  the  Orbits  are  reprefented  in  this  Scheme,  in  Fig. 
which  the  Points  N,  N  fhew  the  Nodes  of  each  Orbit. 

Never thelefs,  we  cannot  compare  the  Dimenfions  of  the  Syfem  with 
any  Meafure  that  we  know  upon  the  Surface  of  the  Earth  ;  for  no 
Aflronomers  will  affert  that  the  Oblervations  made  concerning 
fuch  a  Comparifon  are  free  from  Error. 

But,  that  the  feveral  Parts  of  the  Syftem  may  be  compared  to¬ 
gether,  we  fuppofe  the  mean  Diftance  of  the  Earth  from  the  Sun 
divided  into  a  thoufand  equal  Parts,  which  we  make  ufe  of  in  mea- 
furing  the  other  Diftances. 

The  Sun  0,  as  was  faid  before,  is  agitated  by  a  fmall  Motion 
in  die  Middle  of  the  Syftem :  it  moves  round  it’s  Axis,  in  the 
Space  of  25  Days  and  an  half ;  and  it’s  Axis  is  inclined  to  the 
Plane  of  the  Ecliptic,  making  an  Angle  of  87  Deg.  30  Min. 

Mercury  5  ,  is  the  leaft  diftant  from  the  Sun  of  any  of  the 
Planets;  it’s  mean  Diftance  from  the  Sun  is  387,  it’s  Excentricity 
80,  the  Inclination  of  it’s  Orbit,  that  is  the  Angle,  formed  by 
the  Plane  of  it’s  Orbit  with  the  Plane  of  the  Ecliptic,  is  6  Deg. 

52  Min.  it  performs  it’s  Revolution  round  the  Sun  in  87  Days, 

23  Hours,  15'.  38". 

The  next  is  Venus  $  ,  whole  mean  Diftance  from  the  Sun  is 
723,  it’s  Excentricity  5,  the  Inclination  of  it’s  Orbit  3  Deg.  23 
Min.  It  performs  it’s  periodical  Motion  in  224  Days,  14  Hours,  49', 

2 o",  and  it’s  Motion  round  it’s  Axis  is  performed  in  24  Days,  8 
Hours.  It’s  Axis  makes  an  Angle  with  the  Plane  of  the  Ecliptic 
of  15  or  20  Deg. 

The  third  Planet  in  Order  from  the  Sun  is  our  Earth  (v) ;  it’s 
mean  Diftance  from  the  Sun  is  1000,  it’s  Excentricity  16,  91,  or 
17  nearly,  it  is  moved  in  the  Plane  of  the  Ecliptic, it's  periodical  Time 
is  365  Days,  6  Hours,  59',  14".  This  exceeds  the  tropical  Year 
20',  17",  and  the  Motion  about  it’s  Axis  is  performed  in  27  Hours, 
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56  Min.  4  Seconds 3  it's  Axis  makes  an  Angle  with  the  Plane  of 
the  Ecliptic  of  66  Deg.  3 1  Min. 

The  mean  DiAance  of  Mars  cf  from  the  Sun  is  1524,  it’s 
Excentricity  141,  the  Inclination  of  it’s  Orbit  1  Deg.  52  Min.  it’s 
periodical  Time  686  Days,  22  Hours,  29'.  it's  Revolution  about 
it’s  Axis  is  performed  in  24  Hours,  40  Min. 

Jupiter  If ,  the  biggeft  of  all  the  Planets  is  diftant  from  the 
Sun,  at  a  mean  Diftance  5201,-  it’s  Excentricity  250,  the  Incli¬ 
nation  of  it’s  Orbit  1  Deg.  20  Min.  the  periodical  Time  4332 
Days,  12  Hours,  20'.  9".  and  it’s  Revolution  about  it’s  Axis  S  per¬ 
formed  in  9  Hours,  and  56  Min. 

The  mean  Diftance  of  Saturn  T? ,  the  moft  diftant  Planet  from 
the  Sun  is  9538,  it’s  Excentricity  547,  the  Inclination  of  it’s  Or¬ 
bit  2  Deg.  30  Min.  the  periodical  Time  10759  Days,  6  Hours* 
36'.  It  is  encompafled  with  a  Ring,  which  does  not  touch  the 
Planet,  but  never  leaves  it:  This  Ring  is  not  vifible  without  a 
Telefcope. 

The  mean  Diftance  being  given,  if  you  add  the  Excentricity* 
you  will  have  the  greateft  Diftance  3  but  if  you  fubftradf  the  Excen¬ 
tricity  from  the  mean  Diftance,  you  will  have  the  kaft  Diftance*. 

The  three  Planets,  Mars ,  Jupiter  and  Saturn ,  which  are  more 
diftant  from  the  Sun  than  the  Earth,  are  called  the  fuperior  Planets  5 
Venus  and  Mercury  are  called  the  inferior  ones . 

Of  the  primary  Planet sy  three  are  accompanied  with  fecondary 
ones . 

Five  Planets,  called  the  Satellites,  move  about  Saturn ,  four 
about  Jupiter  3  one  about  the  Earth  (viz.)  the  Moon. 

The  fecondary  Planets,  except  the  Moon,  are  not  vifible  to  the 
naked  Eye. 

Phe  Satellites ,  by  Lines  drawn  to  the  Center  of  the  primary  Pla - 
netsy  defcribe  Area's  about  them ,  proportional  to  the  Limes  3  as  has 
been  faid  of  the  primary  Planets,  with  Refpetft  to  the  Center  of 
the  Sun*.  - 

Phe  Moon  moves  about  the  Earth  in  an  Ellipjey  one  of  wkofe  Fo¬ 
ci  is  in  the  Center  of  the  Earth ,  from  which  the  mean  Diftance  of 
the  Moon  is  60  Semidiameters  of  the  Earth  and  an  half:  It's  Ex¬ 
centricity  is  liable  to  change  3  the  mean  one  is  of  three  Semi-diame¬ 
ters  and  a  third.  The  Plane  of  it's  Orbit  forms  an  Angle  with  the 
Plane  of  the  Ecliptic  of  5  Degrees,  but  this  Inclination  is  not  con¬ 
flant  ,  or  always  the  fame.  [In  the  Motion  of  the  Moon  round  the 
Eartl\  neither  the  Line  of  the  Nodes ,  nor  the  Line  of  the  Apfldesy 
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is  carried  in  a  parallel  Motion  ;  but  the  Line  of  the  Nodes ,  Weft  ward, 
or  in  Antecedentia ;  the  Lines  of  the  Apfides  Eaftward,  or  in  Con- 
fequentia ;  the  firft  performs  it’s  Revolution  in  about  nine  Years, 
the  fecond  in  19.  The  periodical  Time  of  the  Moon’s  Motion 
about  the  Earth  is  27  Days,  and  about  7  Hours,  43  Min.  and  it 
is  turned  about  it’s  own  Axis  exadtly  in  the  fame  Time. 

The  firft  or  inmoft  of  the  Satellites  of  Jupiter  is  diftant  from 
Jupiter's  Center  Diameters  of  Jupiter ,  it  is  moved  round  Ju¬ 
piter  in  one  Day,  18  Hours,  27  Min.  34  Seconds. 

The  Diftance  of  the  fecond  is  four  and  an  half  Diameters  of 
Jupiter :  It’s  periodical  Time  is  3  Days,  13  Hours,  13',  42". 

The  Diftance  of  the  third  is  7  s-  Diameters  ;  it’s  periodical  Time 
7  Days,  3  Hours,  42',  36". 

The  fourth  is  diftant  12 f  Diameters:  It  performs  it’s  Motion 
16  Days,  16  Hours,  32'.  g  \ 

The  firft  or  inmoft  Satellite  of  Saturn  is  diftant  from  Saturn's 
Center  of  a  Diameter  of  the  Ring :  It’s  periodical  Time  is  one 
Day,  21  Hours,  18',  27". 

The  Diftance  of  the  fecond  i~  Diameter  of  the  Ring:  It’s 
periodical  Time  is  2  Days,  17  Hours,  41',  22". 

The  Diftance  of  the  third  is  Diameter  of  the  Ring:  It’s 
periodical  Motion  is  4  Days,  12  Hours,  25',  12". 

The  Diftance  of  the  fourth  is  4  Diameters  of  the  Ring ;  it’s 
periodical  Time  15  Days,  22  Hours,  41',  14". 

The  Diftance  of  the  fifth  is  12  Diameters  of  the  Ring;  it’s  pe¬ 
riodical  Time  is  79  Days,  7  Hours,  48'. 

Concerning  the  Motion  of  thefe,  as  alfo  of  the  Satellites  of  Ju¬ 
piter  about  their  Axis,  we  can  hitherto  determine  nothing  cer¬ 
tain  from  Aftronomical  Obfervations. 

If  we  take  Notice  of  the  Diftances  and  periodical  Times  of 
the  Planets,  we  fhall  find  that  the  following  Rule  holds  good  in 
our  Syftem ;  wherever  feveral  Bodies  are  moved  round  the  fame 
Point,  that  is  about  the  Sun ,  Saturn  and  Jupiter ,  (viz.)  the  Squares 
of  the  periodical  Limes  are  to  one  another ,  as  the  Cubes  of  the  mean 
Diftance  from  the  Center . 

To  give  a  Notion  of  the  Dimenfions  of  the  Bodies  themfelves 
in  our  Syftem,  we  have  contrived  the  fourth  Figure,  in  which  all 
the  primary  Planets,  and  Saturn's  Ring  are  described,  according 
to  their  Dimenfions  ;  the  Sun,  whofe  Magnitude  exceeds  all  the 
reft,  is  reprefented  by  the  greateft.  Circle  (Fig.  1.)  that  is,  the  Cir¬ 
cle  which  terminates  the  Figure, 
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Thefe  Dimenfions  reprefent  the  Proportions  of  the  Bodies  one 
to  another  exactly  enough,  if  you  except  the  Earth,  which,  for. 
the  Reafon  already  mentioned  *,  cannot  be  fo  compared  with  the 
other  Bodies,  as  to  leave  no  room  to  doubt  what  Proportion  it  bears 
to  them. 

let  the  Earth's  Diameter  may  be  meafured,  and  contains  3389940 
Perches,  each  of  which  is  equal  to  12  Rhynland  Feet  3  but  although 
the  Diameters  of  the  other  Planets  may  be  compared  together,  and 
with  the  Suns  Diameter,  yet  it  cannot  be  determined  how  many 
Feet  they  contain,  till  after  Obfervations  fliall  be  made  at  a  proper 
Time  hereafter. 

Of  the  Bodies  that  make  up  the  planetary  Syflem,  the  Moon 
only  can  be  compared  to  the  Earth 3  it’s  Diameter  being  to  the  Di¬ 
ameter  of  the  Moon,  as  73  to  20. 

The  other  fecondary  Planets  are  not  meafured  by  Afronomers ,  but 
it  cannot  be  doubted,  but  that  fome  of  them  are  bigger  than  the 
Earth. 

Befides  the  Bodies  already  mentioned,  there  are  others  in  the 
planetary  Syftem,  which  are  vifible  for  a  Time,  as  they  come  near 
the  Sun,  and  then  recede  from  it,  and  become  invifible  3  they  are 
called  Comets .  They  appear  mojl  commonly  with  Tails ,  and  the  Tail 
is  always  turned  from  the  Sun 3  in  their  Motion  they  defcribe  Area's, 
by  Lines  drawn  to  the  Center  of  the  Sun >  proportional  to  the  Times , 
as  has  been  faid  of  the  Planets*. 

As  to  Comets ,  it  is  probable  that  they  move  in  elliptic  Orbits ,  that 
are  very  excentric  3  fo  that  they  are  invifible,  when  they  are  in  that 
Part  of  the  Orbit  which  is  moft  diftant  from  the  Sun 5  which  is 
deduced  from  the  Periods  of  fome  of  them,  that  have  been  obr 
ferved  to  be  pretty  regular  :  And  it  is  plain  from  Obfervations,  that 
fome  have  described  in  their  Motion  Portions  of  very  excentric  Ellip- 
fes ,  in  one  of  whofe  Foci  was  the  Center  of  the  Sun . 

The  Notion,  that  we  have  hitherto  given  of  the  planetary  Syfi* 
tern ,  is  founded  upon  aftronomical  Obfervations 3  and  what 
we  have  already  faid  admits  of  no  Difpute  among  Aftronomers,  if 
we  except  what  relates  to  the  Ecliptic  Line  and  the  Motion  of  the 
Earth. 

Some  affirm,  that  the  Orbits  of  the  Planets  are  not  Elliptic,  but 
that  in  their  Motion  they  defcribe  another  oval :  Kepler  has  deduced 
from  Tycho  Brahe's  Obfervations,  that  thefe  Lines  are  Elliptic  3 
and  we  fhall  fhew  in  the  following  Part,  that  no  other  Curves  can 
be  defcribed^by  the  Planets0 


Thofe 


Chap.  2.  of  Natural Philofophy. 

Thofe  that  fay  the  Earth  is  at  reft,  have  no  aftronomical  or  phy- 
fical  Argument  fora  Foundation  of  their  Opinion;  that  is,  don’t 
reafon  from  Phenomena  :  Neglecting  the  Simplicity  of  the  Syftem, 
and  the  Analogy  of  the  Motions,  they  affert  that  their  Opinion  is 
not  contrary  to  Obfervations ;  in  which  they  err,  as  we  (hall  fhew 
in  the  following  Part* 

CHAR  II. 

Concerning  the  apparent  Motion . 

HOEVER  after  having  read  the  former  Chapter,  looks  3760. 
upon  the  Heavens,  will  fcarcely  believe,  that  he  beholds 
the  Syftem,  which  is  explained  there ;  and  a  more  exaCt  Confide- 
ration  of  the  heavenly  Motions  willincreafe  his  Doubt.  No  Won¬ 
der,  fince  we  can  obferve  'very  little  in  the  Heavens  but  falfe  Ap-  3  76  ir 

pearances . 

The  common  Obferver  of  the  Heavens  is  a  Spectator,  who,  think-  3762. 
ing  himfelf  to  be  at  reft,  is  carried  about  by  various  Motions,  and 
beholds  Bodies,  concerning  whofe  Diftance  and  Magnitude  he 
makes  falfe  Judgments.  The  true  Syftem  of  the  World  was  un¬ 
known  for  many  Ages,  even  to  the  moft  exaCt  Obfervers  of  the 
Heavens. 

But  we  muft  explain  how  all  Things,  which  are  obferved  in  3763» 
the  heavenly  Bodies,  have  Place  in  the  Syftem  that  has  been  ex¬ 
plained  in  BefpeCt  of  a  Spectator  upon  the  Earth;  that  is,  we 
fhall  deduce  the  Appearances  from  the  known  Motions.  Which 
cannot  be  done,  unlefs  we  firft  lay  down  fome  general  Things 
concerning  the  apparent  Motion  in  general. 

It  is  certain,  that  we  have  no  Art,  by  which  we  can  difcover  3764^ 
the  true  Motion,  only  the  relative  Motion  can  be  perceived  by 
the  Senfes*;  and  it  is  that  only  concerning  which  we  treated  in  *  Ufa 
the  former  Chapter  :  Who  can  reafonably  affirm  or  deny,  that  all 
the  Bodies,  which  are  known  to  us,  are  not  carried  in  a  common 
Motion  through  the  immenfe  Spaces  ? 

^he  relative  Motionis  to  be  diftinguijhed  from  the  apparent  one  y  3763. 
for  the  apparent  Motion  is  the  Change  which  appears  to  be  in  the 
Situation  of  the  Bodies,  and  depends  upon  the  Change  of  the  Pic¬ 
ture  in  the  Bottom  of  the  Eye;  for  *  ObjeCts  have  the  fame  ap-  *  3076^ 
parent  Relation  to  one  another,,  as  their  Reprefentations  have  in 
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the  Eye  ;  for  they  are  feen  as  they  are  painted  in  the  Eye  and  the 
Change  in  that  Picture,  from  the  Motion  of  the  Bodies,  moft 
commonly  differs  from  the  Change  of  the  Relation  between  the 
Bodies  themfelves ;  as  follows  from  the  Formation  of  that  Picture. 

The  Heavens  are  nothing  but  an  immenfe  Space  which  cannot  be 
feen ,  and  would  appear  black,  *  if  innumerable  Rays  of  Light 
flowing  from  the  heavenly  Bodies,  did  not  continually  penetrate 
our  Atmofphere.  Moft  of  them  come  to  us  from  the  Bodies  in 
right  Lines.  Yet  a  great  many  fuffer  various  Reflections  in  the 
Atmofphere,  and  enlighten  the  whole  Atmofphere;  which  is  the 
Reafon  that,  in  the  Day,  Bodies  are  enlightened,  even  without 
the  Reflection  of  the  Clouds,  to.  which  the  Rays  of  the  Sun  can¬ 
not  come  direCtly 

Thefe  Rays  are  heterogeneous  and  white ;  for  there  are  Bodies 
enlightened  by  thefe  Rays  which  appear  white  :  And  thefe  Bodies 
feen  through  Prifms,  at  the  Extremities  are  tinged  with  Colours, 
which  does  not  happen  in  an  homogeneous  Colour  ;  *  alfo  a  Cir¬ 
cle  of  white  Paper  of  half  an  Inch  Diameter,  being  put  upon 
black  Cloth,  if  it  is  enlightened  by  thefe  Rays,  it  will  appear  ob¬ 
long  through  the  Prifm  *:  And  the  fame  Colours,  which  are  ob- 
ferved  in  the  Rays  of  the  Sun,  are  feen  here  in  the  fame  Man¬ 
ner  ;  all  which  Things  would  not  happen,  if  the  Air,  as  many 
think,  was  a  blue  Liquid ;  that  is,  through  which  only  the  Sun’s 
blue  Rays,  at  leaft  moftly  fuch,  pafs. 

When  we  look  at  the  black  Sky,  the  white  Rays,  beforementioned, 
enter  our  Eyes,  whence  the  blue  Colour  of  the  Sky  arifes.  Becaufe 
we  are  accuftomed  to  fee  a  Colour  where  there  is  a  coloured  Ob¬ 
ject,  we  alfo  refer  the  Colour  of  the  Heavens  to  an  ObjeCt  5  but 
fince  this  is  feen  equally  towards  all  Parts,  we  conceive  a  concave 
fpherical  or  rather  fpheroidial  Surface ;  in  whofe  Center  we  are 
placed ;  we  imagine  this  Surface  to  be  opaque ,  and  therefore  dijlant 
fro?n  us  beyond  all  vifible  Bodies. 

When  a  Body  is  between  a  Plane  and  the  Eye,  of  whofe  Dis¬ 
tance  we  cannot  judge,  the  Body  appears  to  us  to  be  applied  to 
the  Plane,  whatfoever  the  Diftance  is  between  that  and  the  Plane ; 
for  there  is  no  Reafon  why  the  Parts  of  the  Plane,  which  are 
painted  at  the  Sides  of  the  Image  of  the  Body  in  the  Eye  *,  fhould 
not  appear  at  the  fame  Diftance  with  the  Body. 

Thence  alfo  all  the  celefial  Bodies  (of  which  the  leaft  diftant 
from  us,  (viz.)  the  Moon)  is  yet  fo  removed  that  we  can  give 
no  Judgment  of  it’s  Diftance  *,  are  referred  to  that  imaginary 
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Sphere  above-mentioned-,  and  they  all  appear  equally  dijlant ,  and 
Jeem  to  move  in  the  Surface  of  a  concave  Sphere .  So  the  Moon  ap¬ 
pears  to  be  amongft  the  fixed  Stars,  although  it’s  Diftance  bears 
fcarcely  any  fenfible  Proportion  to  the  Diftance1  of  Saturn ,  and  the 
Diftance  even  of  Saturn  itfelf  is  nothing  compared  with  the  im- 
menfe  Diftance  of  the  fixed  Stars.  It  is  no  Wonder  therefore,., 
that  the  common  People  know  nothing  of  the  Magnitude  of  the 
celeftial  Bodies,  and  the  Immenfity  of  the  Heavens. 

We  fee  from  what  has  been  faid  how  the  Motion  of  any  Body  3772. 
being  given,  and  the  Motion  of  the  Earth  being  known,  the  ap¬ 
parent  Motion  may  be  determined. 

We  have  faid  that  a  Sphere  is  imagined  beyond  the  fixed  Stars, 
in  whofe  Center  is  the  Spectator  *.  The  Orbit  of  the  Earth  is  fo  *  3769*. 
fmall,  in  Refpedt  of  the  Diameter  of  this  Sphere,  that  the  Cen¬ 
ter  of  the  Sphere  is  not  fenfibly  changed  by  the  Alteration  of  the 
Place  of  the  Spectator,  whilft  he  is  carried  along  with  the  Earth. 
Wherefore  in  all  the  Points  of  the  Earth's  Surface ,  and  at  a?iy  3  773  - 
Time ,  the  Inhabitants  of  the  Earth  imagine  the  fame  Sphere  to  which 
they  refer  the  heavenly  Bodies  and  which  hereafter  we  fhall  call 
the  Sphere  of  the  fixed  Stars . 

Thefe  Things  being  laid  down,  if  we  conceive  a  Line  to  be  3774»- 
drawn  through  the  Earth  and  a  Body ,  which ,  being  continued  beyond 
the  Body ,  cuts  the  aforefaid  Sphere  we  have  a  Point,  to  which  the 
abovementioned  Body  is  referred,  and  which  is  the  apparent  Place 
of  that  Body . 

Whilft  the  Body,  or  the  Earth,  or  both,  are  moved,  this  Line 
is  moved  alfo,  and  the  apparent  Motion  is  the  Line  which  is  defcrib -  3775:. 

ed  amongfi  the  fixed  Stars  by  the  Extremity  of  the  Line  abovemen¬ 
tioned,  which  goes  through  the  Earth  and  the  Body ,  whofe  apparent 
Motion  is  obferved. 

Therefore  the  fame  Appearances  will  follow from  the  Earth's  being  3776^ 
moved  out  of  it's  Place ,  as  if  the  Body  had  been  moved ,  and  the 
fame  alfo  may  be  deduced  from  the  Motion  of  both .. 

But  if  the  Body  and  the  Earth  be  fo  moved ,  that  the  Line  which  3777». 
pajfes  through  thefe  Bodies  be  carried  in  a  parallel  Motion ,  the  Body 
will  feem  to  be  at  reft  amongfi  the  fixed  Stars ;  becaufe  in  this  Cafe 
the  Space,  gone  through  by  the  End  of  the  Line  amongft  the 
fixed  Stars,  cannot  exceed  the  Space,  gone  through  by  the  Earth  -y 
but  the  Line  that  is  equal  to  the  whole  Space  which  the  Earth . 
can  go  through,  at  fo  great  a  Diftance  as  the  fixed  Stars,  is  not  fen¬ 
fible  to  us. 
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From  the  Motion  of  the  Earth  round  it's  Axis  there  is  alfo  produced 
an  apparent  Motion ,  which  will  be  eafily  deduced  in  it's  proper 
Place  from  the  Foundation  laid  down  in  this  Chapter. 

That  the  apparent  Motion  differs  from  the  real,  and  is  varied 
by  the  Motion  of  the  Spectator,  is  what  Sailors  every  Day  obferve. 


C  FI  A  P.  III. 

Of  the  Phenomena  or  Appearances  of  the  Sun}  from 
the  Motion  of  the  Earth  in  it's  Orbit . 


Plate  123.  T  ET  the  Sun  be  at  S,  and  the  Earth  in  it's  Orbit  atT ;  and 

Fig.  1 .  J _ j  let  r  s ,  be  the  Sphere  of  the  fized  Stars ;  the  apparent  Place 

3 779.  of  the  Sun  will  be  at  s  *.  When  the  Earth  is  carried  in  it's  Orbit 

*  3774.  fromT  to  ty  the  Sun  feems  to  move  in  Confequentia ,  and  to  run 

*  3 77 S*  through  the  Arch  which  meafures  the  Angle  rSs  equal  to  . 

the  Angle  TS/,  fo  that  the  Celerity  of  the  apparent  Motion  of 
the  Sun,  depends  upon  the  Celerity  of  the  angular  Motion  of 
the  Earth,  with  Refpedt  to  the  Center  of  the  Sun  ;  which  Mo¬ 
tion  increafes  upon  a  double  Account  ;  on  Account  of  the  Dif- 
tance  from  the  Sun  being  leflened  and  the  Celerity  of  the  Earth 

*  3712.  being  increafed:  Both  which  Caufes  always  concur*;  wherefore 
378°.  the  Inequality  of  the  apparent  Motion  of  the  Sun  is  fenjible . 

3781.  In  a  whole  Revolution  of  the  Earth ,  the  Sun  alfo  feems  to  run 
through  a  whole  Circle. 


Definition  i. 

^7g2#  Phis  apparent  Way  of  the  Sun  is  called  the  Ecliptic  Line.  It  is 
the  Se&ion  of  the  Sphere  of  the  fixed  Stars  with  the  Plane  of 
*  3707.  the  Ecliptic  *,  fuppofed  to  be  continued  to  this  Sphere. 

3783.  This  Way  is  divided  into  12  equal  Parts,  each  of  which  con¬ 
tains  30  Deg.  thefe  Parts  are  called  the  Signs,  and  are  diftinguifh- 
ed  by  thefe  Names :  Aries  T,  Faurus  c5 ,  Gemini  If,  Cancer  S, 
Leo  SF,  Virgo  HI,  Libra  ft,  Scorpius  Tip,  Sagittarius  /,  Capri¬ 
corn  V?,  Aquarius  Pifces  .  Whence  thefe  Parts  have  their 
Names,  we  {hall  explain  when  we  treat  of  the  fixed  Stars. 

3784.  ^un  i Monger  in  going  through  the  fix  firfi  Signs  than  the  fix 
lafi ,  and  the  Difference  is  nine  Days. 

3785.  Although  a  Circle  has  neither  Beginning  nor  End,  yet  when 
feveral  Points  muft  be  determined  in  it,  forne  Point  muft  be 

i  taken 
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taken  as  the  Beginning ;  this,  in  the  Ecliptic  Line>  is  the  JirJl 
Point  of  Aries  j  we  (hall  fhew  how  it  may  be  determined  here¬ 
after.  It  is  not  fixed  to  one  Place  amongft  the  fixed  Stars :  There-  3786. 
fore  the  Orbits  of  the  Planets ,  which  alter  fo  little,  that  they  may 
be  looked  upon  as  unchangeable*,  don't  preferve  the  fame  Situa -*  3696. 
tiony  in  Refpeft  of  this  Point. 


Definition  2. 

The  Diftance  oj  the  Sun  jrom  the  firji  Point  of  Aries  meafured  in  3787. 
confequentia,  is  called  the  Sun’s  Longitude. 

The  Longitudes,  oj  the  other  heavenly  Bodies  are  meafured  after  3788. 
the  fame  Manner  in  the  Ecliptic  ;  they  are  referred  to  that  Liney  by 
conceiving  a  great  Circle  to  pafs  through  the  Body ,  a?td  cut  the  E- 
cliptic  perpendicularly ;  for  the  Point  in  which  the  Ecliptic  is  cut 
by  this  Circle,  determines  the  Longitude  of  the  Body. 


Definit  10  n  3. 

The  Di/lance  of  a  heavenly  Body  from  the  Ecliptic  is  called  it's  3789: 
Latitude.  It  is  meafured  by  an  Arc  of  a  great  Circle,  perpendi¬ 
cular  to  the  Ecliptic  intercepted  between  the  Body  and  the  Ecliptic. 


Definition  4. 

If  we  imagine  a  Line  to  go  through  the  Center  of  the  Sphere  of  3790. 
the  fixed  Stars ,  and  perpendicular  to  the  Ecliptic ,  the  Pointsy  in 
which  this  cuts  the  abovementioned  Spherey  are  called  the  Poles  of  the 
Ecliptic. 


Definition  5. 

The  Zodiac  is  a  Zone  which  is  imagined  in  the  Heavens ,  which 
the  Ecliptic  Line  cuts  into  two  equal  Partsy  and  whichy  on  either 
Sidey  is  terminated  by  a  Circle  parallel  to  the  Ecliptic  Liney  and 
eight  Degrees  di/l ant  from  it.  On  Account  of  the  fmall  Inclina¬ 
tions  of  the  Orbits  of  the  Planets,  and  the  Moon  to  the  Piane  of 
the  Ecliptic,  no  Bodies  of'  the  Planetary  Syfiem  ever  appear  without 
the  Zodiac. 


3791* 


3792. 


Definition.  6. 


Thofe  of  them  that  have  the  fame  Longitude  are  faid  to  bey  in 
Conjunction.  J 
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Definition  7. 

3794*  Thofe  whofe  Longitudes  differ  180  Degrees ,  are  faid  to  be  in 
Oppofition. 


CHAP.  IV. 

Of  the  Phenomena  of  the  inferior  Planets ,  arifng  from 
the  Earth's  and  their  own  Motions  in  their  Orbits . 


Plate  123.  T"  ET  Sbe  the  Sun,  A  V  B  v  the  Orbit  of  an  inferior  Planet ; 
Fig*  2.  I  j  let  T  be  the  Earth  in  it’s  Orbit ;  and  a  v  b  Part  of  the  Sphere 
3795 •  of  the  fixed  Stars ;  the  apparent  Place  of  the  Sun  v 
*  3774*  If  from  the  Earth  there  be  drawn  to  the  Orbit  of  the  Planet 
3796.  the  Tangents  TA#,  TB  b,  it  is  evident,  that  the  Planet  in  it’s 
apparent  Motion,  is  never  removed  farther  from  the  Sun,  than 
the  diftance  v  a>  vb-,  and  that  the  Planet,  as  it  were,  accompanies 
it  in  it’s  apparent  Motion  round  the  Earth. 

Definition  i. 


3797- 

3 798- 

*  3696. 

3799- 

*  3545- 


3800. 


3801. 

38°2- 

3So3- 


The  apparent  Diflance  of  the  Planet  from  the  Sun  is  called  ifs 
Elongation  ;  v  a  or  v  b  is  the  greateft  Elongation :  This  varies  up¬ 
on  two  Accounts ;  ( viz.)  becaufe  the  Earth  and  the  Planet  both 
revolve  in  eliptic  Lines  *. 

The  Planet  performs  it's  Revolution  fooner  than  the  Earth*; 
therefore,  in  ifs  Motion ,  it  pafies  between  the  Earth  and  the  Suny  arid 
then  moves  beyond  the  Sun,  in  RefpeCt  of  the  Earth  :  So  that  it  is  in 
Conjunction  with  the  Sun  in  two  Manners ,  but  never  in  Oppofition . 

That  we  may  have  an  Idea  of  the  apparent  Motion  of  the 
Planet,  we  mull  conceive  the  Lines  T  B  b,  T  S  v,  TA^  to 
move  along  with  the  Earth ;  fo  that  the  Points  A,  V,  B,  and  vy 
whilft  the  Earth  performs  it’s  Revolution,  may  run  through  the 
Orbit  of  the  Planet;  but  the  Planet  which  moves  fwifter,  pafles 
fuccefiively  through  thefe  Points  over  and  over. 

When  it  is  carried  in  it’s  Orbit  from  V  to  D,  it  feems  to  move 
amongft  fixed  Stars  from  v  to  d :  In  this  Cafe,  the  apparent  Mo¬ 
tion  is  in  Antecedentia ,  and  the  Planet  is  retrograde.  In  D  it  is 
faid  to  be  flationary  becaufe  it  appears ,  for  fome  Time ,  in  the  fame 
Place  amongfl  the  fixed  Stars . 

^This  obtains,  when  the  Orbit  of  the  Planet,  in  the  Place  in 

which 


which  the  Planet  is,  is  fo  inclin'd  to  the  Orbit  of  the  Earth,  in  the 
place  in  which  the  Earth  is,  that  if  the  Line  t  d  be  drawn  parallel  to 
the  Line  T  D,  and  at  a  fmall  Diftance  from  it,  D  d  be  to  T/  as  the 
Celerity  of  the  Planet  in  it’s  Orbit,  to  the  Celerity  of  the  Earth  ;  thefe 
Lines  are  run  through  in  the  fame  Time  *;  and  the  Line,  which  is  *  \ 
drawn  through  the  Earth  and  the  Planet,  is  carried  in  a  parallel  Moti¬ 
on  ;  for  which  Reafon  the  apparent  Place  of  the  Planet  is  not  changed*.  *  3777 

Between  d  and  B,  the  Orbit  of  the  Planet  is  more  inclined  to  3  801 
the  Orbit  of  the  Earth :  wherefore  the  Extremity  of  the  Line 
paffmg  through  the  Earth  and  the  Planet  (although  the  Planet 
moves  fwifter  than  the  Earth)  is  carried  in  Confequentia  •  towards  3805. 
which  Part  alfo  the  apparent  Motion  of  the  Planet  is  directed*.  Yet  *  3775* 
fince  the  apparent  Motion  of  the  Sun  exceeds  the  apparent  Mo¬ 
tion  of  the  Planet,  the  Elongation  is  increafed,  which  becomes 
greateft,  when  the  Planet  is  at  B.  Whilft  the  Planet  goes  through 
the  Arc  B  v,  it’s  apparent  Motion  is  alfo  in  Cojifequeniiay  and  ex¬ 
ceeds  the  apparent  Motion  of  the  Sun  to  which  it  is  coming,  and 
then  goes  beyond  it,  receding  from  it,  till  it  comes  to  A.  Between 
A  and  E  the  Motion  in  conjequentia  h  continued ;  but  the  Sun, 
whofe  apparent  Motion  in  this  Cafe  is  fwifter,  as  has  been  explain¬ 
ed  concerning  the  Arc  d  B,  comes  towards  the  Planet ,  and  the 
Elongation  is  diminifhed.  AtE,  in  the  fame  Manner  as  at  D,  the 
Planet  is  ftationary,  between  E  and  V  it  is  again  retrograde.  3806. 

The  Orbit  of  the  Planet  is  inclined  to  the  Plane  of  the  Eclip¬ 
tic*;  therefore  it  does  not  feem  to  move  in  the  Ecliptic  Line ,  but  *  3706. 
fometimes  lefs,  fometimes  more  diftant  from  it,  and  appears  to  be  3708. 
carried  in  an  irregular  Curve ,  which  fometimes  cuts  the  Ecliptic. 

Let  N  V  Nbe  the  Orbit  of  the  Planet,  whofe  Nodes  are  N  N;  3807. 
let  S  be  the  Sun;  T  t  the  Orbit  of  the  Earth  in  the  Plane  Eclip-  PI.  123. 
tic;  the  Earth  T;  the  Planet  V.  If  Y  A  be  imagined  topafsFig.  3. 
through  the  Planet,  and  to  be  perpendicular  to  the  Plane  of  the 
Ecliptic,  the  Angle  VTA,  or  rather  the  Arc  which  meafures  it, 
is  the  Latitude  of  the  Planet*:  This  is  called  the  Geocentric  La -  *  3789. 
titudey  to  diftinguifh  it  from  the  Latitude  of  the  Planet  fecn  from 
the  Sun,  which  is  called  the  heliocentric  Latitude ,  and  is  in  that 
Cafe  the  Angle  V  S  A ;  here  we  fpeak  of  the  Geocentric  Latitude , 
becaufe  we  examine  the  Phaenomena  as  they  appear  from  the 
Earth. 

When  a  Planet  is  in  the  Node,  it  appears  in  the  Ecliptic  Line ;  3808. 

and  the  Curve,  which  is  defcribed  by  the  Planet,  by  it’s  apparent 
Motion  in  the  Zodiac,  cuts  the  Ecliptic  Line;  as  the  Planet  recedes 
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3809.  from  the  Node ,  it's  Latitude  is  increafedy  which  is  alfo  different y  ac¬ 
cording  to  the  Situation  of  the  Earth  ;  fo  the  Planet  remaining  at 
V,  the  Latitude  is  greater  if  the  Earth  be  at  T,  than  if  it  was  at 
t.  Now,  if  the  Earth  remaining  in  it’s  Place  T,  we  imagine  the 
Planet  to  be  be  carried  from  V  to  v  ;  the  Angle  v  T  B  will  be  lefs 
than  the  Angle  VTA  upon  a  double  Account,  from  the  Planet 
coming  nearer  the  Node,  and  the  Spectator  being  moved  farther  of}. 

3810.  Now,  if  we  confider  that  both  the  Earth  and  the  Planet  are 
continually  moved,  we  fhall  eafily  conceive  that  the  Latitude  is 
changed  every  Moment  from  each  Caufe,  which  fometimes  aft 
con trari wife,  and  fometimes  confpire  in  increafing  and  diminifh- 
ing  the  Latitude  ;  whence  it  neceffarily  follows,  that  the  apparent 
Motion  is  performed  in  an  irregular  Curve,  which,  as  was  faid 
before,  cuts  the  Ecliptic  as  often  as  the  Planet  paffes  the  Node, 
that  is,  twice  in  each  of  it’s  Revolutions  ;  this  Curve  alfo  does  not 
recede  from  the  Ecliptic,  on  either  Side,  beyond  certain  Limits 
in  the  Zodiac. 

3811.  We  difcover  alfo  fome  remarkable  Phaenomena  of  the  inferior 
Plate  123.  Planets  by  means  of  the  Telefcope,  which  are  owing  to  their 
Fig.  4.  Opacity. 

Let  S  be  the  Sun,  T  the  Earth,  A,  B,  C,  v,  D,  E,  F,  V,  an  in¬ 
ferior  Planet,  ex.  gr .  Venus  in  it’s  Orbit.  This  Planet  fhines  with 
Light  borrowed  from  the  Sun,  and  that  Hemifphere  only  which 
is  turned  to  the  Sun  is  enlightened,  the  other  Hemifphere  is  invi- 
fible :  Therefore  that  Part  only  of  the  enlightened  Hemifphere* 
which  is  turned  to  the  Earth,  can  be  feen  from  it  3  in  V  the 
Planet  cannot  be  feen ;  it  would  appear  round  at  v,  if  the  Sun’s 
Rays  did  not  hinder  it  from  being  feen. 

3812.  Going  from  v  the  Planet  continually  decrecifes ;  at  D  it  has  the 
Figure  d  •,  at  e  and  f  it  is  drawn  as  it  appears  at  E  and  F,  and 
continues  to  decreafe,  till  it  vanijhes  at  V,  and  then  again  encrea- 
fes  fuccejfively  y  changing  it's  Figure ,  ’till  the  whole  enlightened 
Hemifphere  be  turned  towards  the  Earth. 

3813.  -  When  the  Node  is  at  V,  or  near  it,  the  Planet  appears  in  the  very 
Difk  of  the  Sun ,  and  as  it  were  applied  to  ity  and  is  obferved  as  a 
black  Spot  which  moves  on  the  Suns  Surface ;  in  this  Cafe,  proper¬ 
ly  fpeaking,  we  don’t  fee  the  Planet,  but  we  perceive  where  it 
intercepts  the  Sun’s  Rays. 

3814.  The  lefs  dijlant  the  Planet  is  from  the  Earth ,  the  greater  tt  ap- 
*  3151.  pears*y  and  the  more  lucid;  but  as  it  comes  nearer  the  Earth* 

the  lucid  Part  that  is  viiible  is  lefs,  fo  that  on  one  Account  the 
l  '  •  Light 
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Light  increafes,  and  on  another  it  is  diminiihed  j  and  there  is  a 
Dijlance  at  which  the  refieBed  Light  is  greatefi. 
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CHAP.  V. 

Concerning  the  Phcenomena  of  the  fuperior  Planets ,  arif- 
ing  from  their  Motions ,  and  the  Motion  of  the  Earth 
in  their  refpeSlive  Orbits . 

TH  E  apparent  Motions  of  the  fuperior  Planets  do  in  many  3815, 
Things  agree  with  what  has  been  explained  in  refpedt  of 
the  inferior  Planets,  and  in  many  Things  difagree. 

I'hey  do  not  always  accompany  the  Sun,  but  are  often  ob ferve d  in  381 6. 

Oppoftion ;  (as  has  been  faid  of  the  inferior  Planets)  they  do  7iot  al¬ 
ways  feem  to  be  carried  in  Confequentia,  but  often  appear  flationary 
and  often  retrograde .  3817, 

Let  M  be  a  fuperior  Planet,  for  Example,  Mars  in  it’s  Orbit,  3818. 
ATHBC  the  Orbit  of  the  Earth.  The  periodical  Time  of  the  Plate  124 
Earth  is  {horter  than  the  periodical  Time  of  Mars*>  therefore  the  Fig.  1. 
Earth  in  it’s  Motion  goes  between  it  and  the  Sun;  in  which  Cafe,  *  371 7* 
the  Planet  appears  at  F,  amongft  the  fixed  Stars  oppofite  to  the 
Sun.  Through  M  draw  the  Lines  B  M,  A  M,  that  touch  the 
Earth’s  Orbit,  which,  being  continued,  go  to  G  and  D  in  the 
Sphere  of  the  fixed  Stars.  Let  us  imagine  that  whilft  the  Planet 
is  carried  about  in  it’s  Orbit,  thofe  Lines  are  alfo  moved ;  fo  that 
the  Points  A  and  B,  in  which  the  Lines  that  go  through  the  Pla¬ 
net  touch  the  Orbit  of  the  Earth,  perform  a  Revolution  in  the 
periodical  Time  of  the  Planet.  Now  fince  the  Earth  revolves  faf- 
ter,  it  pafles  through  the  Points  A  and  B  in  it’s  Motion.  In  this 
Motion  the  apparent  Place  of  the  Planet,  feen  from  the  Earth,  is 
not  removed  from  the  Place  of  the  Planet  feen  from  the  Sun  be¬ 
yond  F  D  and  F  G.  Let  T  be  fuch  a  Point  in  the  Orbit  of  the 
Earth,  that  the  Line  t m,  being  drawn,  may  be  parallel  to  TM; 

Let  T  t  be  to  M  m,  as  the  Celerity  of  the  Earth  to  the  Celerity 
of  the  Planet ;  in  which  Cafe  thefe  fmall  Lines  are  gone  through 
in  the  fame  Time  *  ;  in  the  mean  Time  the  Planet  feems  to  be  at  *  x  I(^ 
reft*,  and  is  faid  to  be  ftationary.  In  the  fame  Manner  it  is  fta-  %  0777, 
tionary  when  the  Earth  is  at  H.  In  the  Motion  of  the  Earth  be¬ 
tween  T  and  H,  the  Planet  appears  to  move  in  Antecedentia  from  E 
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3806. 

3820. 


3821. 
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through  F  to  I,  and  is  faid  to  be  retrograde  ;  whilft  the  Earth  goes 
through  the  reft  of  it’s  Orbit  HBCAT  the  Planet  is  direct. 

The  Phenomena,  which  relate  to  the  Latitude ,  are  like  thofe  which 
have  been  explained ,  in  refpeff  to  the  inferior  Planets  *. 

Jupiter  and  Saturn  encompafs  the  Orbit  of  the  Earth  at  a  great 
Diftance ;  wherefore  almoft  their  whole  Hemifpheres,  which  are 
enlightened  by  the  Sun,  are  vifible  from  the  Earth  ;  and  therefore 
thefe  Planets  always  appear  round . 

Becaufe  Mars  is  lefs  cjjftant,  it  appears  a  little  gibbous ,  between 
the  Conjunction  and  Oppofition  with  the  Sun . 


CHAP.  VI. 

Concerning  the  Phenomena  of  the  Satellites ,  from  their 
Motion  in  their  Orbits  IVhere  we  fhall  fpeak  of 
the  Eclipfes  of  the  Sun  and  Moon. 


3822« 


3823< 


3824. 


TH  E  Satellites  of  Jupiter  and  Saturn  do  always  accompany  their 
Primaries  in  their  Motion ,  and  never  appear  to  recede  from 
them  beyond  certain  Limits  on  either  Side ,  which  may  be  ealily  de¬ 
termined  from  their  Diftances  from  their  Primaries  ->  and  they  are 
alternately  carried  in  Antecedentia  and  in  Confequentia.  Sometimes 
all  of  them  are  on  the  fame  Side  of  the  primary  Planet,  and  fome- 
times  the  Primary  is  obferved  to  be  between  them ;  Jupiter's  Sa¬ 
tellites  are  all  always  in  the  fame  Right  Line ,  or  very  little  difant 
from  it.  All  which  Things  may  be  deduced  from  this,  that  the 
Motion  about  the  primary  Planets  is  performed  in  Planes  that  make 
fmall  Angles  with  one  another,  and  with  the  Plane  of  the  Ecliptic. 

All  thefe  Satellites  of  Saturn  or  Jupiter  are  not  always  vifible  at 
the  fame  Time,  when  they  are  between  their  Primary  and  the  Earth, 
they  cannot  be  difinguifhed  from  their  Primary :  Sometimes  they  are 
hid  by  their  Primary ,  and  often  immerfed  in  it's  Shadow . 


Definition  i. 

3825.  Such  an  Immerfion  in  the  Shadow  is  called  an  Eclipfe  of  the  Sa- 
Plate  85.  tellite. 

Fig.  1.  We  have  treated  of  this  before*.  Whilft  the  Secondary  moves 
*  2624.  fromE  to  F  it  undergoes  an  Eclipfe;  and,  not  being  enlightened 
262  5.  by  the  Sun,  becomes  invifible.  If  we  confider  the  two  firft  Satel¬ 
lites  of  Jupiter,  only  the  Immerfion  into  the  Shadow  at  E  is  vi- 
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fible,  when  the  Earth  is  in  the  Part  C  D  A  of  it’s  Orbit.  On  the 
contrary,  the  Emerfion  only  can  be  feen  if  the  Earth  be  in  the 
Part  ABC. 

Amongft  the  Bodies  that  accompany  Saturn,  we  have  faid  that  382 7. 
there  is  a  Ring  *;  concerning  which  it  is  to  be  obferved,  that  an  *  3732* 
Obferver  upon  the  Earth  never  fees  it  wider  than  Saturn's  Diame¬ 
ter ,  and  that  fometimes  it  is  invifible ;  namely,  when  the  Plane  of  the 
Ring  being  continued,  goes  through  the  Earth ;  for  the  Thick- 
nefs  of  the  Ring  is  not  fenfible. 

The  Ring  is  alfo  invifible,  when  it’s  Plane  continued,  pafles  be-  3828» 
tween  the  Earth  and  the  Sun ;  for  then  the  enlightened  Surface  of 
the  Ring  is  turned  from  the  Earth. 

In  each  cafe  Saturn  appears  round,  yet  in  the  laft  Cafe,  by  rea-  3829, 
fon  of  the  Rays  that  are  intercepted  by  the  Ring,  there  appears  a 
black  Belt  upon  the  Surface  of  the  Planet,  like  that  which  is  oc- 
cafioned  by  the  Shadow  of  the  Ring. 

The  Phenomena  of  the  Earth’s  Satellite,  namely,  of  the  Moon,  3830. 
are  very  remarkable  in  refpedt  to  us,  and  therefore  particularly  to 
be  explained. 

It  is  very  often  in  Conjunction  with  the  Sun,  and  as  often  in  Oppo-  3831» 
fition  to  it,  but  not  at  every  Revolution  of  the  Moon  in  it’s  Or¬ 
bit;  for  whilft  the  Moon,  after  one  entire  Revolution  of  27  Days, 
and  7  Hours,  returns  again  to  the  Place,  amongft  the  fixed  Stars,  in 
which  it  was  in  Conjunction  with  the  Sun,  the  Sun  is  gone  from 
that  Place,  and  is  about 27  Deg.  diftant  from  it*:  therefore  it  does  *  37 2 9* 
not  reach  the  Sun  till  after  fome  Days;  the  neighbouring  Conjunc-  37^ r* 
Horn  are  twenty  nine  Days  and  a  half  diftant  from  one  another .  3^32> 

Definition  2. 

The  Lunar  periodical  Month  is  the  Time  of  one  Revolution  of  the  38330. 
Moon  in  ifs  Orbit . 


Def  in  i  t  ion  3. 

The  Moon's  fynodical  Month ,  or  a  Lunation ,  is  the  Time  that  the  3^34» 
Moon  [pends  between  the  two  next  Conjunctions  with  the  Sun. 

The  Moon  is  invifible  in  it's  Conjunction  with  the  Sun ,  becaufe  the  383  5» 
enlightened  Hemifphere  is  turned  from  the  Earth.  Let  T  ( Plate 
124.  Fig .  2.)  be  the  Earth,  N  the  Moon  between  the  Sun  and 
the  Earth,  the  enlightened  Hemifphere  will  be  m  l  i,  which  cannot 
be  feen  from  the  Earth. 
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Whilfl  the  Moon  is  carried  in  it’s  Orbit,  from  the  Conjunction 
to  the  Oppofitio'ri)  the  enlightened  Part,  which  is  directed  towards 
the  Sun,  does  continually  become  more  and  more  vifible  to  the  Inhabi¬ 
tants  of  the  Earth  \  and  in  the  Points  A,  B,  C,  the  Moon  does 
fucceflively  acquire  the  Figures  a  be. 

At  P,  in  it’s  Oppoftion  with  the  Sun ,  it  appears  round ;  then  going 
through  D,  E,  F,  it  decreafes  as  it  is  represented  at  d,  e,  f 

Definition  4. 

The  Conjunction  of  the  Moon  with  the  Sun  is  called  the  new  Moon . 

After  the  Conjunction,  the  Moon  is  as  it  were  renewed. 

Definition  5. 

The  Oppoftion  oj  the  Moon  with  the  Sun  is  called  the  full  Moon> 
bccaufe  the  whole  Moon  appears  enlightened . 

Definition  6. 

The  Conjunction  and  Oppoftion  of  a  Satellite  with  the  Sun ,  are  call¬ 
ed  by  the  common  Name  Syzygies. 

At  A  and  F,  the  dark  part  of  the  Moon  is  a  little  enlightened 
by  the  Rays  that  are  reflected  from  the  Earth ;  and  therefore  it 
is  feen  by  a  Spectator  to  whom  the  Sun  is  not  vifible,  that  is, 
in  the  firft  Cafe,  after  the  fetting  of  the  Sun,  and  in  the  fecond, 
before  it’s  rife. 

Definition  7. 

When  the  Eight  of  the  Sun  is  intercepted  by  the  Moon ,  fo  that ,  in 
refpeCt  of  any  Obferver  upon  the  Earth ,  the  Sun  is  partly  or  wholly 
covered ,  the  Sun  is  faid  to  undergo  an  Eclipfe. 

Properly  fpeaking,  this  is  an  Eclipfe  of  the  Earth,  on  whole 
Surface  the  Shadow  or  Renumbra  of  the  Moon  falls. 

Definition  8. 

An  Eclipfe  of  the  Moon  is  the  Obfcuration  of  the  Moon  by  the  Sha¬ 
dow  of  the  Earth . 

The  Eclipfe  of  the  Sun  is  never  obferved  except  at  the  Time  of  the 
New  Moon. 

The  Moon  is  never  eclipfed  but  at  the  Time  of  the  full  Moon . 

Tet  the  Luminaries  are  not  eclipfed  at  every  one  of  the  Syzygies , 
becaufe  the  Moon  does  not  move  in  the  Plane  of  the  Ecliptic  *, 
in  which  the  Sun  and  Earth  always  are  wherefore  upon  Account 
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Account  of  the  Moon’s  Latitude,  it’s  Shadow,  at  the  new  Moon, 
often  does  not  touch  the  Earth ;  and  itfelf,  at  the  full  Moon,  paffes 
befide  the  Shadow  of  the  Earth. 

But  when  the  Moon  has  no  Latitude,  or  but  very  little,  that  is,  3848. 
when  it  is  in  the  Node ,  or  near  it ,  at  it's  Syzygies ,  an  Eclipfe  is  obferv - 
ed ;  in  that  Cafe  the  Moon  appears  to  be  in  the  Ecliptic,  or  very 
near  it ;  and  this  it  is  that  has  given  the  Name  to  that  Line. 

That  what  relates  to  the  Eclipfe  of  the  Moon  may  appear  the  3840, 
more  plainly,  let  O  O  be  the  Way  of  the  Moon,  RR  the  Plane  PI.  I2r. 
of  the  Ecliptic;  the  Center  of  the  Earth’s  Shadow  is  always  in  Fig.  1. 
it  *;  N  is  the  Node  of  the  Moon’s  Orbit.  *  3707.3709. 

If  the  Earth’s  Shadow  be  at  A,  the  Moon  that  goes  by  at  F  3850. 
will  not  be  darkened. 

If  the  Moon  be  the  lefs  diftant  from  the  Node  at  the  full  Moon,  3851, 
as  at  G,  the  Shadow  of  the  Earth  is  at  B,  and  the  Moon  is  dark¬ 
ened  in  Part ;  this  is  called  a  partial  Eclipfe . 

If  fuppofing  the  Shadow  at  D,  the  Moon  be  full,  the  Moon  3 ^52* 
will  be  wholly  darkened  at  I,  it  runs  into  the  Shadow  at  L,  and  goes 
out  of  it  at  H ;  and  the  Eclipfe  is  faid  to  be  total . 

‘The  Eclipfe  is  faid  to  be  central ,  when  the  Center  of  the  Moon  goes  3853. 
through  the  Center  of  the  Shadow ,  which  only  happens  in  the  very 
Node  N. 

We  have  hitherto  fpoken  of  the  Shadow  of  the  Earth  ;  becaufe, 
when  we  mention  the  Earth,  we  underftand  it’s  Atmofphere  which 
is  joined  to  it,  of  which  we  have  fpoken  elfewhere  *:  The  Shadow  ^  8  54. 
of  the  Atmofphere  is  properly  confidere d  in  lunar  Eclipfe s ;  for  the  *  2080. 
Shadow  of  the  Earth  itfelf  does  not  reach  the  Moon. 

Let  T  be  the  Earth,  the  Atmofphere  about  it  F  D  G  G  D  F.  The  3  855. 
Sun’s  Rays  B  D,  B  D,  touching  the  Atmofphere ;  thefe  go  ftreight  Plate  124. 
on,  and  terminate  the  Shadow  of  the  Atmofphere,  out  of  which  Fig.  3. 
if  the  Moon  be,  it  is  immediately  enlightened  by  the  Sun’s  Rays; 
but  it  is  not  enlightened  in  the  fame  Manner  all  the  while  it  is 
between  BD  and  BD. 

The  Rays  which  enter  the  Atmofphere  obliquely  are  refracted* ;  and  3856. 
as  they  come  towards  the  Earth,  they  continually  penetrate  into  a*  2778. 
Medium  which  is  denfer  and  denfer  «f*,  and  therefore  are  every  Mo<-  2110. 
ment  indebted*,  and  move  inCurves.  So  the  Rays  E  F,  E  F,  penetrate  *  2787.2829. 
the  Atmofphere  in  the  Curves  F  G,  F  G,  that  touch  the  Earth. 

All  the  Light  between  E  F,  E  F,  is  intercepted  by  the  Earth,  and 
the  Rays  G  A,  G  A,  terminate  the  Earth’s  Shadow. 
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The  Light  between  EF  and  BD,  being  refradted  by  the  Atmofphere, 
is  fcattered  between  G  A  and  B  D  continued,  and  beyond  A  the 
Point  of  ihe  Earth’s  Shadow,  the  Lights  that  come  from  all  Parts 
are  confounded,  but  are  continually  weaker  and  weaker  the  far¬ 
ther  from  the  Earth  :  So  that  the  Shadow  of  the  Atmofphere  is  not 
a  perfedt  Shadow  but  a  weak  Light  whereby  the  Moon  is  vifible  in 
an  Eclipfe. 

The  Shadow  of  the  Atmofphere  is  conical,  becaufe  the  Sun’s  Di¬ 
ameter  is  greater  than  the  Diameter  of  the  Atmofphere,  which  is 
fcarce  bigger  than  that  of  the  Earth 3  and  this  Cone  to  Mars>  as 
appears  from  immediate  Obfervations 3  but  the  Shadow  of  the 
Diameter,  in  the  Place  where  it  is  cut  by  the  Moon’s  Orbit,  is 
fcarce  one  fourth  lefs  than  the  Diameter  of  the  Earth. 

With  the  fame  Reafoning  that  we  have  proved,  that  the  Moon 
comes  into  the  Shadow  §f  the  Atmofphere,  when  the  Moon  in 
it’s  full  is  in  the  Node  or  near  it  5  it  is  alfo  proved,  that  the  Moon’s 
Shadow  falls  upon  the  Earth  at  the  new  Moon ,  when  the  Moon  is 
in  the  Node ,  or  near  the  Node 3  therefore  in  that  cafe  the  Sun 
undergoes  an  Eclipfe  3  concerning  which,  feveral  Things  are  to  be 
obferved. 

Let  S  be  the  Sun,  L  the  Moon  3  let  the  Shadow  of  it  fall  up¬ 
on  any^  Plane  G  H.  This  Shadow  is  encompaffed  with  a  Penum¬ 
bra,  for  beyond  M  and  E  that  Plane  is  enlightened  by  one  entire 
Hemifphere  of  the  Sun  3  as  you  go  from  M  to  H,  and  from  E  to 
G,  the  Light  is  continually  diminifhed,  and  near  G  and  H  the 
Rays  come  to  the  Plane  only  from  a  fmall  Part  of  the  Sun’s 
Surface. 

Definition  9, 

This  diminijhed  Light ,  which  encompaffes  the  Shadow  G  H  every 
Way ,  is  called  the  Penumbra. 

In  the  Eclipfe  of  the  Moon ,  the  Shadow  of  the  Earth  is  encom¬ 
paffed  with  the  like  Penumbra ,  but  this  is  only  fenfible  near  the 
Shadow,  and  therefore  has  but  a  fmall  Breadth  3  but  if  an  Obferver 
be  placed  upon  a  Plane  upon  which  the  Shadow  falls,  he  may  ob- 
Jerve  the  whole  Penumbra  3  as  is  the  Cafe  in  the  Eclipfe  of  the  Sun *. 
An  Obferver  I  or  F  can  only  fee  the  Semi-diameter  of  the  Sun, 
the  reft  of  the  Diameter  is  hid  by  the  Moon  3  and  going  from  M 
towards  H,  the  Sun  is  continually  more  and  more  hid  by  the 
Moon,  till  it  becomes  wholly  invifible  in  the  Shadow  itfelf. 
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Hence  it  follows,  that  there  is  a  filar  Eclipfe ,  though  the  Shadow 
of  the  Moon  does  not  touch  the  Earth ,  provided  the  Penumbra  comes 
to  ifs  Surface.  And  alfo,  that  the  Eclipfe  is  not  obferved  in  all  the 
Places  in  which  the  Sun  is  vifble ;  and  that  it  is  different ,  accord¬ 
ing  as  the  Shadow,  or  a  different  Part  of  the  Penumbra  goes  through 
the  Place,  in  the  Places  in  which  it  is  obferved. 

But  the  Eclipfe  of  the  Moon  is  every  where  the  fame ,  where  the 
Moon  is  vifble ,  during  the  Eclipfe. 

But  when  the  Shadow  itfelf  of  the  Moon  falls  upon  the  Earth , 
the  Sun's  Eclipfe  is  faid  to  be  total ;  if  only  the  Penumbra  reaches  the 
Earth ,  it  is  faid  to  be  partial  \  and  this  is  what  happens  when  we 
confider  an  Eclipfe  in  general. 

But  as  to  particular  Places,  it  is  faid  to  be  total  in  thofe  Places 
where  the  Shadow  paffes  ;  central ,  in  thofe  where  the  Center  of  the 
Shadow  paffes,  that  is,  where  the  Center  of  the  Moon  covers  the  Sun's 
Center  ;  and  laftly,  partial ,  where  the  Penumbra  only  goes  by  ;  and 
this  is  drawn  in  Fig.  5. 

j The  wider  the  Shadow  G  H  is,  the  more  Places  is  the  Eclipfe  of 
the  Sun  Total  in,  and  the  longer  is  the  Sun  wholly  obfcured.  But  the 
Breadth  of  the  Shadow  is  different  according  to  the  different  Di- 
ftances  of  the  Moon  from  the  Earth,  and  of  the  Earth  from 
the  Sun. 

IJ  there  be  an  Eclipfe  of  the  Sun,  fuppofing  the  Earth  in  the  Pe¬ 
rihelion  and  the  Moon  in  the  Apogceum,  that  is,  at  the  greateft  Di- 
ftance  from  the  Earth,  the  Shadow  of  the  Moon  does  not  reach 
the  Earth,  and  the  Moon  does  not  cover  the  whole  Sun •  Juch  an  one  is 
called  an  annular  Eclipfe,  and  is  reprefented  in  Fig.  6. 
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CHAP.  VII. 

Of  the  Phenomena,  arijing  from  the  Motion  of  the 
Sun,  the  Planets ,  and  the  Moon  about  their  Axes. 

TH  E  Sun’s  Motion  about  it’s  Axis  is  J'enfibk ,  by  obferving  the  3  874. 

Spots,  which  are  feen  very  often  upon  the  Sun’s  Surface  : 

Thefe  Spots  feem  to  change  their  Figure  and  Situation  every  Day, 
and  fometimes  to  move  fwifter,  fometimes  flower ;  all  which 
Things  may  be  eafily  deduced  from  the  Motion  of  the  fpherical 
Surface ;  and  the  Sun,  which  if  it  was  not  moved  by  fuch  a  Moti¬ 
on,  would  only  once  in  a  Year  fucceflively  turn  it’s  whole  Surface 
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to  the  Earth,  now  (hews  it  to  the  Inhabitants  of  the  Earth  in  lefs 
than  the  Space  of  one  Month. 

3875.  Such  like  Phaenomena  arife  from  the  Rotations  of  Jupiter,  Mars 
and  Venus ,  about  their  Axis ,  which  Motions  become  fenfble ,  by  ob- 
ferving  the  Spots  in  the  Surface  of  the  Planets . 

Whilft  the  Earth  is  moved  round  it’s  Axis,  the  Obferver,  who 
is  carried  round,  imagines  himfelf  to  be  at  reft,  and  all  the  hea¬ 
venly  Bodies  to  be  in  Motion. 

Definition  i. 

The  Points,  in  which  the  Axis  of  the  Earth, being  continued  both  Ways , 
touches  the  Sphere  of  the  fixed  Stars,  are  called  the  Poles  of  the  World. 

Definition  2. 

The  apparent  Motion,  arifing  from  the  Motion  of  the  Earth  about 
it's  Axis,  is  called  the  Diurnal  Motion. 
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Definition  3. 

A  Plane  is  conceived  to  pafs  through  the  Center  of  the  Earth,  per¬ 
pendicular  to  if  s Axis,  and  continued  every  Way,  and  the  Circle  in  which 
it  cuts  the  Sphere  of  the  fixed  Stars  is  called  the  coeleftial  ^Equator. 

In  the  Motion  of  the  Earth,  round  the  Sun,  the  ./Equator  is  moved ; 
but  fince  the  Plane  of  this  Circle  is  carried  by  a  parallel  Motion  *, 
the  ccelefiial  /Equator  is  not  moved  -f. 

Definition  4. 

Circles  whofe  Planes  go  through  the  Axis  of  the  Earth,  are  called 
Meridians. 

They  all  pafs  through  the  Poles  of  the  World,  and  are  perpendicular 
tor  to  the  ALquator. 

Definition  5. 

The  Arch  of  any  Meridian,  which  is  intercepted  between  the  /Equa¬ 
tor  and  a  Star,  is  called  the  Declination  of  that  Star. 

Let  an  Obferver  be  upon  the  Earth  T,  who  diredls  his  Sight 
along  T  A  -,  after  a  little  Time,  when  the  Line  T  A  fhall  be  car¬ 
ried  by  the  Motion  of  the  Earth  to  T  a,  if  the  Spectator  directs 
his  Sight  along  the  fame  Line,  the  Body  A  will  appear  to  have 
been  carried  through  the  Arch  a  A ;  but  when  the  Line  has  re¬ 
turned  to  it’s  former  Situation  T  A,  the  Body  will  feem  to  have 
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performed  one  whole  Revolution.  But  if  he  dire&s  his  Sight 
along  the  Axis  of  the  Earth  produced,  becaufe  that’s  at  reft,  the 
Body,  which  is  feen  in  the  Axis,  will  appear  not  to  have  moved  ; 

therefore  in  the  Poles  of  the  World  the  diurnal  Motion  is  not  obferv-  3885. 

ed  *.  But  that  Bodies,  which  are  near  the  Poles,  are  moved  *  387 7. 

round  them  is  plain  5  and  that  the  Body  by  it’s  diurnal  Motion 

defcribes  fo  much  a  greater  Circle  round  the  immoveable  Pole,  as 
it  is  farther  diftant  from  it.  Therefore  the  whole  Sphere  of  the  fixed 
Stars  feems  to  revolve  about  the  Axis  of  the  Earth  continued  in  Ante¬ 
cedentia,  in  that  Time  in  which  the  Earth  really  turns  about  it's 
Axis .  Therefore  the  diurnal  Motion  is  common  to  all  the  ccele- 
ftial  Bodies,  except  fo  far  as  it  is  difturbed  by  the  Motions  above- 
mentioned. 

The  ^Equator  is  equally  diftant  from  both  Poles,  and  divides 
the  Heavens  into  two  Hemifpheres,  whofe  middle  Points  are  the 
Poles  of  the  World,  which  therefore  are  equally  diftant  from  the 
feveral  Points  of  the  -Equator  -9  therefore  the  heavenly  Bodies  which 
are  in  the  /Equator  by  their  diurnal  Motion  feem  to  defcribe  the  /Equa¬ 
tor  itfelf,  the  greateft  Circle  of  all  that  can  be  defcribed  by  the 
diurnal  Motion  $  the  other  Bodies  defcribe  Circles  parallel  to  the 
/ Equator . 

The  Axis  of  the  Earth  is  inclined  to  the  Plane  of  the  Ecliptic 
in  an  Angle  of  66  Deg.  31  Min.  *  the  Poles  tf  the  World  there-  *  3729. 
fore  are  diftant  from  the  Poles  of  the  Ecliptic  23  Deg.  29  Min.  and  3889. 
the  Plane  of  the  /Equator  makes  an  Angle  with  the  Plane  of 
the  Ecliptic  of  23  Deg.  29  Min.  Both  Planes  pafs  through 
the  Center  of  the  Earth,  but  fince  this  may  be  looked  upon  as 
the  Center  of  the  Sphere  of  the  fixed  Stars*,  it  follows,  that  the  /Equa-  *3769-  .3773. 
tor  and  the  Ecliptic  Line  are  great  Circle s9  which  are  inclined  to  3^9°b 
each  other,  and  cut  one  another  in  two  oppofite  Points  in  the  Begin - 
ing  of  Aries,  and  the  Beginning  of  Libra,  which  Points  in  the 
Way  of  the  Sun,  are  determined  by  thefe  Inter fedlions  *. 

When  the  Sun  is  in  thofe  Points  it  feems  to  defcribe  the  /Equator  by 
it's  diurnal  Motion  *  ;  when  it  is  carried  about  in  the  Ecliptic  by 
it’s  apparent  Motion,  it  continually  recedes  more  and  more  from 
the  Equator,  and  it’s  Declination  is  increafed,  and  it  defcribes 
tefs  Circles  every  Day  *;  till  it  comes  to  it's  greatefi  Difiance  from  ^  0ooq 
the  /Equator ,  which  is  23  Deg.  29  Min.  then  it  comes  back  to  the  . 

/Equator  again ,  and  goes  beyond  it  alfo  23  Deg.  29  Min.  advancing  ’  *  f  If 
towards  the  oppofite  Pole..  * 
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Definition  6. 

T hofe  Circles ,  defcribed  by  the  Sun  in  it's  diurnal  Motion ,  which 
are  ?noJl  dijlant  from  the  /Equator,  that  is  23  Deg.  29  Min.  are 
called  the  Tropics. 

One  touches  the  Ecliptic  Line  in  the  firft  Degree  of  Cancer ,  and 
is  called  the  Tropic  of  Cancer-,  the  other  is  called  the  Tropic  of  Ca¬ 
pricorn,  and  paffes  through  the  firft  Point  of  the  Sign  Capricorn 
and  there  touches  the  Ecliptic  Line. 

Definition  7. 

The  Pole  of  the  World,  which  is  next  to  the  T ropic  of  Cancer,  is 
called  the  Arctic  Pole,  a?id  alfo  the  North  Pole  -,  the  Oppofte  is  call¬ 
ed  the  Antarctic,  and  alfo  the  South  Pole. 

Definition  8. 

The  Circles  that  are  defcribed  in  the  diurnal  Motiou  by  the  Poles 
of  the  Ecliptic,  that  is,  by  the  Points  which  are  diflant  from  the 
Poles  of  the  World  23  Deg.  29  Min.  are  called  the  Polar  Circles. 

The  Arctic  Polar  Circle  is  that  which  furrounds  the  Arctic 
Pole ;  the  other  oppofite  one  borrows  it’s  Name  from  the  Antarc¬ 
tic  Pole. 

There  remains  to,  be  explained  the  Moon's  Motion  about  it's  Axis, 
whofe  Effecl  is  that  the  fame  Face  of  the  Moon  is  always  turned  to¬ 
wards  the  Earth . 

Let  the  Moon  be  at  N  the  Face  which  is  turned  to  the  Earth 
is  m  ni  if  the  Moon  did  not  turn  about  it’s  Axis,  and  all  it's 
Points  were  carried  through  parallel  Lines,  the  Line  m  i  would 
coincide  with  the  Line  l  n  in  the  Situation  of  the  Moon  at  B, 
and  the  aforefaid  Hemifphere  m  n  i  would  be  at  l  m  n ,  but  be- 
caufe,  whilft  the  Moon  defcribes  a  fourth  Part  of  it’s  Orbit,  it 
performs  like  wife  -J-  of  it's  Revolution  round  it’s  Axis,  the  Face, 
which  would  be  at  l  m  n,  is  now  at  m  n  i,  that  is,  again  turned 
to  the  Earth. 

After  the  fame  Manner  it  is  proved,  that  this  fame  Face  m  n  i , 
when  the  Moon  is  at  P,  is  feen  by  an  Obferver  on  the  Earth,  and 
that  it  is  turned  towards  the  Earth  at  E  $  as  alfo  in  all  other  Points 
of  the  Moon’s  Orbit. 

That  Part  of  the  Moon’s  Face  which,  by  it’s  Motion  in  it’s  Or¬ 
bit,  is  continually  turned  from  the  Earth,  is  turned  again  towards 
it  by  the  Moon’s  Motion  round  it’s  Axis. 
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Chap.  8. 

But  as  it’s  Motion  about  it’s  Axis  is  equ^l,  and  it  is  Carried  in 
it's  Orbit  with  an  unequal  Celerity  * ;  it  happens  that  the  Md6ii 
being  in  the  Perigaeum,  that  is  at  the  lead;  Diftance  from  the  Earth, 
where  it  is  moved  very  faft  in  it’s  Orbit  *,  it  does  not  entirely 
turn  back  again  towards  the  Earth  by  it's  Motion  round  it’s  Axis, 
that  Part  of  it’s  Surface,  which  it  turns  from  it  by  it’s  Motion  in 
it’s  Orbit ;  therefore  a  Part  of  the  Surface  of  the  Moon  which  was 
not  feen  before,  appears  at  it's  Side;  which  becomes  again  Invi- 
lible,  when  the  Moon  comes  to  it’s  apogeon. 

For  that  Reafon  the  Moon  feems  to  be  moved  with  a  librat  or y 
Motion . 

There  is  alfo  another  libratory  Motion  obferved  in  the  Moon. 

The  Axis  of  the  Moon  not  perpendicular  to  the  Plane  of  it's 
Orbit ,  but  a  little  inclined  to  it :  The  Axis  keeps  it’s  Parallelifm  in 
it’s  Motion  round  the  Earth,  as  has  been  faid  of  the  primary  Pla¬ 
nets  *  ;  therefore  it  changes  it’s  Situation  in  Refpedt  of  an  Ob- 
fervef  upon  the  Earth,  to  whom  fometimes  one,  fometimes  the 
other  Pole  of  the  Moon  is  viiible. 
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CHAP.  VIII. 

•  .>  vi  •  :  3  v  .  ...  1  : 

Of  the  Phenomena  which  relate  to  the  Surface  of  the  : 
Earth ,  and  it  s  particular  Parts m 

E  have  explained  the  cceleftial  Phaenomena  hitherto  ex-  3905. 
amined,  by  confidering  the  Spectator  as  carried  about  by 
thofe  Motions  wherewith  the  Earth  is  really  moved.  Now  we 
fhall  confider  him  as  placed  upon  the  Surface  of  the  Earth,  and 
carried  from  one  Place  to  another  upon  it. 

The  firft  Phaenomena  to  be  here  obferved  is,  that,  by  Reafon  of  3906, 
the  Interpoftion  of  the  Earth ,  one  Half  of  the  Heavens  is  invifble 
to  the  Obferver  who  is  placed  upon  the  Surface  oj  the  Earth, 

Definition  i. 

That  Circle  in  the  Heavens ,  which  feparates  the  vifible  from  the 
invifble  Part ,  when  the  Rays  are  not  intercepted  by  the  Inequali¬ 
ties  of  the  Earth’s  Surface,  is  called  the  Horizon . 

When  the  Height,  to  which  the  Spectator  can  be  raifed  above 
the  Surface  of  the  Earth,  is  very  fmall,  compared  with  the  Semi¬ 
diameter  of  the  Earth ;  the  Eye  of  the  Spectator  may  be  looked 
upon  as  placed  in  the  Surface  itfelf*  -  .  Let 
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Let  the  Earth  be  at  T,  and  the  Obferver  at  S,  and  VEpe  the 
Sphere  of  the  fixed  Stars ;  if  you  conceive  a  Plane  #t  HH  to  touch 
the  Earth  and  go  through  S,  it  will  be  the  Plane  of  the  Horizon, 
whole  Sedtion  with  the  Sphere  of  the  fixed  Stars  is  the  Horizon. 
A  Plane  at  h  h ,  is  conceived  to  go  through  the  Center  of  the  Earth 
parallel  to  HHj  the  Diftance  ^H  is  infenfible,  by  reafon  of  the 
immenfe  Diftance  of  the  fixed  Stars;  therefore  the  Seftion  of  thatPlane, 
with  the  Sphere  abovementioned,  maybe  taken  for  the  Horizon*  HH. 

Definition  2. 

Phe  Afcent  of  the  Stars ,  above  the  Horizon ,  is  called  their  Rife. 

Definition  3. 

The  Defcent,  below  the  Horizon ,  is  called  the  fetting  of  the  Stars. 

Definition  4. 

If  we  conceive  a  Line  drawn  through  the  Obferver  and  the  Center 
of  the  Earth ,  which  muft  neceflarily  be  perpendicular  to  the  Hori¬ 
zon,  it  will  reach  the  Point  Z  among  the  fixed  Stars ,  which  is  called 
the  Zenith. 


De  finition  5. 

Phe  Point  N,  oppofite  to  it  the  Nadir . 

4  *1  '  t  I  t  4»  V  Y  1 

Definition  *6. 

Phe  Section  which  a  Plane  of  the  Meridian  *,  that  goes  through 
the  Obferver ,  makes  with  the  Horizon ,  is  called  the  Meridian  Line ; 
and  is  directed  from  North  to  South. 

Definition  7. 

Phe  Eaflern  Part  of  the  Heavens  is  that ,  towards  which  we  fee 
the  cceleftial  Bodies  rife  above  the  Horizon. 

j The  oppofite  Part  of  the  Heavens ,  in  which  the  fame  Bodies  go 
down  below  the  Horizon ,  is  called  the  weflern  Part. 

Thefe  two  Points  are  feparated  by  a  Meridian  Line,  which  we 
conceive  to  be  continued  both  Ways,  in  the  Plane  of  the  Horizon, 
quite  up  to  the  Heavens. 

The  Eafi  Point  is  that ,  in  which  a  Line  directed  Eafiwards,  per¬ 
pendicular  to  the  Meridian  Line ,  and  going  through  the  Obferver , 
cuts  the  Sphere  of  the  fixed  Stars. 

1 


De- 


Chap.  8.  of  Natural  Philofophy. 


3°5 


Definition  8, 

The  Point  oppojite  to  this  is  called  the  Weft  Point .  391 9, 

Definition  9. 

The  Amplitude  is  an  Arch  of  the  Horizon ,  which  is  contained  3920. 
between  the  Eaf  or  Weft  Pointy  and  the  Point  in  which  the  Star 
rifes  or  fets ,  the  firft  is  called  the  rifing  and  the  other  the  fetting 
Amplitude ;  and  each  is  either  northern  or  fouthern  Amplitude. 

Definition  10. 

The  Height  or  Altitude  of  a  Star,  above  the  Horizon,  is  the  3921. 
Arch  of  a  Circle  perpendicular  to  the  Horizon ,  in  whofe  Center  the 
Spectator  is ,  terminated  by  the  Horizon  and  the  Star . 

When  Bodies  are  remote,  the  Altitude  does  not  fenfibly  differ,  3922, 
whether  the  Spectator  be  in  the  Surface  of  the  Earth,  or  fuppofed 
at  it’s  Center  j  Bodies  that  are  lefs  diftant  appear  higher  to  a 
Spectator  placed  in  the  Center. 

Definition  i  i. 

The  Difference  of  the  Height  of  a  Star ,  according  to  the  different  3923. 
Pofition  of  the  Obferver ,  as  he  is  fuppofed  in  the  Center ,  or  on  the 
Surface  of  the  Earth ,  is  called  the  Parallax  of  the  Star. 

There  is  only  the  Parallax  of  the  Moon ,  which  can  be  determined  3924. 
by  Obfervations :  The  Diftance  of  the  reft  of  the  Bodies  in  the  pla¬ 
netary  Syftem  is  too  great  to  be  compared  with  the  Semidiameter 
of  the  Earth ;  and  the  Parallax  depends  upon  the  Ratio  which  the 
Semidiameter  of  the  Earth  has  to  the  Diftance  of  a  Planet ;  there¬ 
fore  even  the  Parallax  of  Mars,  in  Oppofition  with  the  Suny  is  too  3925. 
fmall  for  the  niceft  Obfervations . 

Where  there  is  a  Parallax ,  it  diminijhes  as  a  Body  of c ends  above  3926. 
the  Horizon ,  and  vanijhes  in  the  Zenith. 

The  apparent  Height  of  the  Stars  is  alfo  changed  upon  another  3927. 
Account,  which  equally  affedts  all  the  heavenly  Bodies.  The  Rays  3928. 
are  inflected  by  the  Refraction  of  the  Atmofphere ,  and  the  Stars  3929. 
appear  higher  than  they  are  *  5  yet  the  higher  they  arey  the  lefs  is  that  *  3856. 
Inflexion  becaufe  the  Rays  fall  lefs  obliquely  on  the  Surface  of  •f  2809. 
the  Atmofphere.  In  the  Zenith  there  is  no  Refraction*  ;  even  at  the  3930. 
Diftance  of  twenty  or  thirty  Degrees  from  the  Zenith,  it  is  not  fenfible .  *  2793. 

Since  the  Stars  are  railed  by  the  RefraCtiony  they  are  vijibk  be-  3931. 
fore  they  come  to  the  Horizon . 
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3932.  All  thefe  Things  relate  to  the  Surface  of  the  Earth  in  general, 
Plate  126.  now  we  muft  examine  the  feveral  Parts  of  it;  thefe  are  determin- 
Fig.  2.  ed  by  referring  to  the  Earth  the  Circles  which  we  have  before 

3933.  confidered  in  the  Heavens ;  fo  on  the  Earth  we  confider  the  JEquator, 
the  Meridians ,  the  \ Tropics ,  and  Polar  Circles ;  and  thefe  Circles  di¬ 
vide  the  Surface  of  the  Earth  in  the  fame  Manner  as  the  Sphere 
of  the  fixed  Stars  is  divided  by  the  Circles  in  the  Heavens ;  and 
therefore  the  Circles  in  the  Heavens,  and  thofe  upon  the  Earth, 
do  fo  mutually  correfpond  with  each  other,  that  a  Line  being  drawn 
from  the  Center  oi  the  Earth  to  a  Circle  in  the  Heavens,  it  will 
go  through  the  fame  Circle  in  the  Earth.  If  the  Poles  are  P py 
the  ^Equator  will  be  E  the  Tropics  T  T,  1 1>  and  the  Polar  Cir¬ 
cles  AA,  a  a. 

Definition.  12. 

3934.  The  Meridian  which  goes  through  a  Place  is  called  the  Meridian 
of  the  Place. 

3935*  The  Plane  of  it  is  perpendicular  to  the  Horizon ;  becaufe  it  goes 
through  the  Center  of  the  Earth  and  the  Obferver. 

3936.  A  Meridian  Line  drawn  in  any  Place ,  is  Part  of  the  Meridian 
*  39 H*  of  the  Place*. 


3937- 


Definition  13. 

» 

The  Latitude  of  a  Place  is  if  s  Difance  from  the  /. Equator ;  that 
is,  the  Arch  of  the  Meridian  intercepted  between  that  Place  and 
the  TEquator. 


3938* 

3939> 


Definition  14. 

Circles  parallel  to  the  Mquator ,  are  called  Circles  of  Latitude 
as  B  b. 

By  determining  the  Latitude  of  the  Place,  we  determine  the 
Circle  of  Latitude,  which  goes  through  the  Place ;  now  to  de* 
termine  the  Situation  of  feveral  Places,  in  Refpedt  of  each  other, 
we  muft  determine  Places  upon  the  feveral  Circles,  which  is  done, 
by  fuppofing  a  Meridian  to  pafs  through  any  remarkable  Place, 
which  by  it’s  Section  determines  a  Point  upon  each  Circle  of  La¬ 
titude,  from  which  the  Diftances  of  Places  are  meafured. 


3940. 


D  E  F  INITION  15. 

The  Meridian  abovementionedy  taken  at  Pleafure ,  is  called  the 
firft  Meridian, 
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Definition  16. 

The  Di fiance  of  a  Place  jrom  the  firft  Meridian  meafured  on  a  3941. 
Circle  of  Latitude  that  goes  through  a  Place  is  called  the  Longitude 
of  the  Place. 

/ 

Afronomers  refer  every  Thing  to  the  Meridian  of  the  Place  in  3942. 
which  they  make  their  Ob/ervations. 

In  explaining  the  Phaenomena  which  relate  to  the  feveral  Parts  3943. 
of  the  Surface  of  the  Earth,  we  fhall  conlider  the  Obferver  going 
from  the  Pole  to  the  /Equator ;  and  firft  only  take  Notice  of  the 
diurnal  Motion. 

When  the  Spectator  is  at  5,  in  the  very  Pole  of  the  Earth  Ty  the  3944* 
coeleftial  /Equator  Ee  coincides  with  the  Horizon,  and  the  Pole  Plate  125. 
of  the  World  P  is  the  Zenith;  in  that  Cafe,  becaufe  the  Circles, Fig.  3. 
which  are  parallel  to  the  Horizon,  are  alfo  parallel  to  the  /Equa¬ 
tor  ;  all  the  heavenly  Bodies  appear  to  be  carried  by  a  Motion  paral¬ 
lel  to  the  Horizon  *,  in  Circles  which  are  reprefented  by  the  Lines*  3888. 
A  a,  B  b.  The  heavenly  Bodies  in  the  Hemifphere  E  P  e  never  fet> 
and  the  others  are  never  vijible . 

The  Horizon  in  this  Situation  is  faid  to  be  parallel ,  or  this  Situa -  3  945. 

tion  is  called  a  parallel  Sphere . 

If  an  Obferver  upon  the  Earth  T  recedes  from  the  Poley  and  is  3  946. 
at  S,  the  Horizon  is  faid  to  be  oblique ,  or  the  Sphere  is  oblique ;  thenPlate  125. 
the  Axis  V  p  is  inclined  to  the  Horizon  hhy  fo  much  the  more  as  Fig.  4, 
the  Obferver  is  farther  from  the  Pole. 

Def  i  n  i  t  ion  17. 

The  Angle  which  the  Axis  of  the  Earth  makes  with  the  Horizon , 
is  called  the  Height  of  the  Pole  *.  * 

This  Height  of  the  Pole  is  equal  to  the  Latitude .  The  Height 
of  the  Pole  is  the  Angle  P  T  hy  whofe  Meafure  is  the  Arch  P  h ; 
the  Latitude  is  meafured  by  an  Arch,  which  upon  the  Earth  cor- 
refponds  to  the  Arch  ZE  in  the  Heavens*:  But  this  is  equal  to  the* 

Arch  P/&;  for  the  Complement  of  each  of  them,  to  a  Quarter  of 
a  Circle,  is  the  Arch  Z  P. 

In  this  Pofition  of  the  Obferver ,  becaufe  the  /Equator  is  inclined  • 
to  the  Horizon,  all  the  heavenly  Bodies  are  carried  by  the  diurnal 
Motions  in  Circles  inclined  to  the  Horizon ,  reprefented  by  the  Lines 

A  ay  B  h  *.  * 

Some  of  the  heavenly  Bodies  rife  and  fet  at  every  Revolution  of  the 
Earth ;  namely  thofe  which  are  between  the  Parallels  to  the  /E- 
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quator  B  /6,  and  h  i ;  becaufe  all  the  Parallels  between  thofe  are 
cut  by  the  Horizon. 

The  Planes  of  the  /Equator  and  the  Horizon  go  through  the 
Center  of  the  Earth  ;  therefore  thefe  Circles  cut  one  another  mu¬ 
tually  into  two  equal  Parts,  and  half  of  the  /Equator  is  above  the 
Horizon ;  therefore  the  heavenly  Bodies ,  which  are  in  the  /Equator  y 
are  above  the  Horizon  during  half  a  Revolution  of  the  Earth  about  it's 
Axis  *  5  and  on  Account  of  the  Equability  of  the  Motion  about  the 
Axis  are  invifible  during  an  equal  Time. 

Thefe  alfo  rife  due  Eaft  and  fet  due  Weft ,  (that  is,  in  the  very  Points 
of  the  Eaft  and  Weft  5 )  for  the  Section  of  the  Planes  of  the /Equa¬ 
tor  and  the  Horizon  is  perpendicular  to  a  Plane  perpendicular  to 
both  thefe  Planes  and  this  laft  Plane  is  the  Plane  of  the  Meridian 
of  the  Place*.  <  .  *;  ■  f  v 

Wherefore  the  abovementioned  Section  is  perpendicular  to  the 
Meridian  Line  •f,  and  confequently  goes  through  the  Eaft  and  Weft 
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Bodies  between  the  /Equator  and  a  parallel  B  h>  which  touches  the 
Horizon ,  as  in  the  Circle  A  ay  continue  longer  above  than  below  the 
Horizon  ;  and  this  Difference  is  fo  much  the  greater ,  the  more  the 
Circle  A  a  approaches  that  Pole ,  which  is  above  the  Horizon .  On  the 
contrary,  as  the  Body  goes  towards  the  oppoftte  Pole ,  it's  Time  of  Con¬ 
tinuance  above  the  Horizon  is  the  longer. 

This  Inequality  of  the  Time ,  that  a  Body  is  above  and  below  the  Ho¬ 
rizon  encreafes  as  the  Height  of  the  Pole  doesy  becaufe  of  the  Dimi¬ 
nution  of  the  Angle  made  with  the  Horizon  by  the  /Equator  and 
it’s  Parallels. 

Bodies ,  whofe  Diftance  from  the  Pole  is  equal  to  the  Height  of  it , 
never  fet ,  for  fuch  is  the  Diftance  of  the  Circle  B  Z,  which  touches 
the  Horizon,  but  has  no  Part  of  it  below  the  Horizon. 

Bodies  lefs  dift ant  from  the  Pole ,  do  not  Jo  much  as  come  down  to 
the  Horizon. 

It  appears  by  the  fame  Reafoning,  that  Bodies y  whofe  Diftance 
from  the  oppoftte  Pole  does  not  exceed  the  Height  of  the  Pole ,  never 
rife  above  the  Horizon,  and  are  always  invifible . 

Bodies ,  whofe  Diftance  E  Z  from  the  /Equator  is  equal  to  the 
Height  of  the  Pole ,  go  through  the  Zenith  Z,  for  EZ  is  equal  to  the 
Latitude  of  the  Place  to  which  the  Height  of  the  Pole  is  equal  *. 
When  a  Spell  at  or  S  has  receded  as  far  as  he  can  from  the  Pole,; 
PI.125.F.5.  he  comes  to  the  /Equator  whofe  Points  are  equally  diftant  from  each 
3933*  P°le  Aen  the  Axis  Pp  is  in  the  Horizon  with,  which  the/Equa- 
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tor  makes  a  right  Angle*,  for  which  Reafon  the  Horizon  is  faid  * 
to  be  right ;  or  this  is  called  a  right  Sphere . 

The  Horizon  cuts  into  two  equal  Parts  all  the  Circles,  that  are 
parallel  to  the  /Equator,  which  are  reprefented  by  the  Lines  A  a, 

B  /,  therefore,  all  the  heavenly  Bodies  at  every  Revolution  of  the  Earth , 
rife  and  fet ,  and  are  vifble  and  invifible  during  equal  Times. 

The  /Equator  itfelf  goes  through  the  Zenith ,  and  therefore  all  the 
Bodies  that  are  in  it  pafs  through  it  alfo . 

If  what  we  have  explained  concerning  the  diurnal  Motion  be 
applied  to  the  Bodies,  of  whofe  other  apparent  Motions  we  have 
fpoken  before,  the  Phaenomena  will  be  eafily  determined  from  the 
Motions  joined  together ;  thofe  that  relate  to  the  Sun  are  more  re¬ 
markable  than  the  reft,  and  therefore  more  particularly  to  be 
explained. 

Definition  i  8. 

We  call  a  natural  Hay  the  Time  elapfed  between  the  Recefs  of  the  3964. 
Sun  from  the  Meridian  of  a  Place ,  and  it's  next  Return  to  the  fame 
Meridian . 

This  Hay  differs  from  the  Time  of  the  Revolution  of  the  Earth  3  965* 
above  it's  Axisy  which  Times  would  be  equal,  if  the  Sun  appeared  1 

immoveable  amongft  the  fixed  Stars :  but  whilft  by  the  diurnal 
Motion,  in  the  Time  of  one  Revolution  of  the  Earth  about  it’s 
Axis,  the  Sun  is  carried  round  from  Eaft  to  Weft,  that  is  in  Ante - 
eedentia  *,  it  is  carried  by  a  contrary  Motion  in  the  Ecliptic  *  3886. 
whereby  it  comes  later  to  the  Meridian.  •f*  3779.. 

But  as  the  Sun  does  not  every  Day  go  through  an  equal  Space  3966. 
in  the  Ecliptic*,  all  the  natural  Hays  do  not  equally  exceed  the  3967. 
Revolution  of  the  Earth  about  it’s  Axis;  therefore  thefe  Days^/v*  3780. 
unequal  to  one  another. 

Natural  Days  are  unequal  alfo  upon  another  Account,  namely,  7968. 
by  Reafon  of  the  Inclination  of  the  Ecliptic  in  Refpecft  of  the 
./Equator;  whence  it  follows,  that  the  annual  Courfe  of  the  Sun  is 
unequally  inclined  to  the  /Equator  in  different  Points  ;  and  though 
the  Sun  fhould  equally  go  forward  every  Day  in  the  Ecliptic,  the: 
natural  Days  would  not  equally  exceed  the  Time  of  the  Revolu¬ 
tion  about  the  Axis ;  for  if  the  Motion  of  the  Sun  be  refolved  into: 
two  Motions  *,  of  which  the  one  is  parallel  to  the  /Equator  *,  *  jjgg,. 
and  the  other  perpendicular  to  it,  the  firft  is  only  to  be  confidered 
in  determining  the  Excefs  abovementioned,  and  that  it  is  unequal, 
is  plain  from  the  different  Inclination  abovementioned,  as  alfo  the 
different  Diftance  of  the  Sun  from  the  Pole, 
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Thefe  two  Caufes  of  Inequality  often  concur,  and  often  adt 
contrarywife. 

Every  natural  Day  is  divided  into  twenty-four  equal  Parts  which 
are  called  Hours .  Each  Hour  is  divided  into  Jixty  Minutes ;  and  each 
Minute  into  Jixty  fecond  Minutes  ;  or  Seconds ,  and  fo  on . 

That  thefe  Parts  of  Time  vary  in  different  Daysy  appears  plainly 
from  what  has  been  *  faid ;  they  are  by  Aftronomers  reduced  to 
Equality,  by  confidering  the  Number  of  Hours  in  the  whole  Re¬ 
volution  of  the  Sun  in  the  Ecliptic,  and  dividing  the  whole  Time 
into  as  many  equal  Parts  as  there  are  Hours,  twenty-four  of  which 
are  taken  for  one  Day. 

Definition  19,  and  20. 

The  Time  whofe  Parts  are  by  this  Method  reduced  to  Equality , 
is  called  the  mean  Time,  and  that  Reduction  is  called  the  /Equation 
of  Time. 

We  always  make  ufe  of  the  Days  and  Hours  of  the  mean  Time  in 
determining  the  Periods  of  the  heavenly  Motions . 

Definition  21. 

The  artificial  Day  is  the  Time  that  the  Sun Jlays  above  the  Horizon . 

We  always  fpeak  of  it,  when  we  mention  Day  in  Oppofition  to 
Night. 

In  determining  the  Length  of  artificial  Daysy  we  do  not  attend  to 
the  JEquation  of  Time. 

The  Crepufculum ,  or  Twilight  always  comes  before  the  Sun's  Rife , 
and  follows  it's  Jetting  3  this  is  that  dim  Light  which  we  commonly  call 
Morning  and  Evening  Twilight. 

The  Twilight  is  produced  by  the  Atmofphere  which  is  enlightned  by 
the  Sun's  Rays ,  and  whofe  Particles  re  fie  El  the  Light  every  Way; 
from  whence  fome  Rays  come  to  usy  though  the  Sun  be  depreffed 
eighteen  Degrees  below  the  Horizon. 

In  the  right  Spherey  that  is  to  all  thofe  that  dwell  under  the 
^Equator  *,  the  Days  and  Nights  are  equal  to  one  another  all  the 
Tear  round  and  are  of  twelve  Hours  *. 

In  the  oblique  Sphere  the  Days  are  longer  or  fhortery  according  to 
the  different  Diflance  of  the  Sun  from  the  /Equator ,  towards  either 
Pole  * ;  for  the  Sun  recedes  from  the  ^Equator  towards  the  Poles 
.  23  Deg.  29  Min.  * 

The  Sun  is  in  the  /. Equator  about  the  10 th  of  March,  and  the  12th 
^September,  and  then  the  Day  is  equal  to  the  Night  which  hap¬ 
pens  all  over  the  Earth ,  except  juft  at  the  Poles.  Defi- 
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Definition  22. 

Thofe  Points  of  the  Ecliptic  in  which  it  is  cut  by  the  /. Equator  *  ;  3982. 

are  called  the  Equinoctial  Points,  becaufe  the  Sun  is  in  thole  Points,  *  3^90> 
when  the  abovementioned  Equality  of  Day  and  Night  happens. 

Definition  23. 

Thefe  Points  of  the  Ecliptic ,  in  which  the  Propicks  touch  that  3983. 
Circle  *,  are  called  the  Soljl it ial  Points  $  becaufe  for  a  few  Days,  *  3894. 
when  the  Sun  comes  to  thofe  Points,  and  goes  beyond  them,  it 
does  not  fenfibly  change  its  Declination,  and  the  Length  of  the 
Days  does  not  fenlibly  vary. 

Under  the  Poles,  if  there  be  any  Inhabitants  there,  they  can  only  3984. 
once  in  a  Year  fee  the  riling  and  the  fetting  Sun,  and  only  one  Day 
with  one  Night  make  up  their  whole  Tear .  The  Sun  continues  above 
the  Horizon  all  the  while  it  goes  through  one  half  of  the  Ecliptic*,  *  3890. 
the  reft  of  the  Time  it  is  hid  under  the  Horizon.  But  yet  their  3944. 
Day  is  lengthened  upon  account  of  the  Refraction  *  5  and  the  Twilights  398  5. 
lafi  very  long ,  for  they  laft  as  long  as  the  Declination  of  the  Sun,  *  3931« 
towards  the  hidden  Pole  does  not  exceed  18  Deg.  -f*  f  3978* 

In  refpeCt  to  the  ArCiic  Pole ,  in  the  firft  fix  Signs,  from  Aries  to  3986. 
Libra ,  the  Sun  is  above  the  Horizon -,  therefore  at  the  Pole  the 
Day  exceeds  the  Night  nine  natural  Days*,  befdes  the  Diminution  *  3784 
of  the  Night  on  Account  of  the  RefraCt ion  ■f'  3986* 

Thefe  general  Things  which  relate  to  the  different  Pofitions  of 
the  Horizon  being  explained,  fome  more  particular  Things  are  to 
be  examined. 

The  whole  Surface  of  the  Earth  is  divided  into  five  Zones .  The  3987. 

firft  is  contained  between  the  two  Tropics  T  T,  1 1,  and  called  the  Tor-  3988. 

rid  Zone  ;  there  are  two  Temperate  Zones,  and  two  Frigid  Zones .  Plate  126. 

The,  Northern  Temperate  Zone  is  terminated  by  the  Tropic  of  Fig.  2. 
Cancer  TT,  and  the  Ardic  Polar  Circle  A  A.  The  Southern  Tern-  3989. 
perate  Zone  is  contained  between  tt,  the  Tropic  of  Capricorn ,  and 
the  Polar  Circle  a  a. 

The  Frigid  Zones  are  circumfcribed  by  the  Polar  Circles,  and  the  3990» 
Poles  are  in  the  Centers  of  them. 

In  the  Torrid  Zone ,  twice  a  Tear,  the  Sun  goes  through  the  Zenith  3991. 
at  Noon*.  For  the  Elevation  of  the  Pole  is  lefs  than  23  Deg.  *  3988. 

29  Min.  *  and  the  Diftance  of  the  Sun  from  the /Equator  towards  3948. 

the  Pole,  which  is  above  the  Horizon,  is  twice  in  a  Year  equal  to 
the  Height  of  the  Pole  *.  For  which  Reafon  alfo  in  the  Limits  of  *  3^92-3893- 
v  t  that 
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that  Zone,  namely  under  the  Tropics,  the  Sun  comes  to  the  Zenith 
only  once  in  a  whole  Tear  *. 

In  the  Temperate  and  Frigid  Zones ,  the  leaft  Height  of  the  Pole 
exceeds  the  greateft  Diftance  of  the  Sun  from  the  ^Equator  and 
therefore  to  their  Inhabitants  the  Sun  never  goes  through  the  Zenith\ . 
Yet  the  fame  Day  the  Sun  rifes  to  a  greater  Height ,  the  lefs  the  Height 
of  the  Foie  is ;  becaufe  thereby  the  Inclination  of  the  Circles  of  the 
diurnal  Motion  with  the  Horizon  is  lefs. 

In  the  Torrid  Zone ,  and  in  the  Temperate  Zones ,  every  natural  Day 
the  Sun  rifes  and  fets*-,  for  the  Diftance  of  the  Sun  from  the  Pole  al- 
•  ways  exceeds  the  Height  of  the  Pole  *. 

Yet  every  where  but  under  the  /Equator  *  the  Artificial  Days  are 
unequal  to  one  another \'y  which  Inequality  is  fo  much  the  greater, 
the  lefs  the  Place  is  diftant  from  a  Frigid  Zone. 

But  in  the  Polar  Circles ,  juft  where  the  Temperate  Zones  are 
feparated  from  the  Frigid  ones,  the  Height  of  the  Pole  is  equal  to 
the  Diftance  of  the  Sun  from  the  Pole  when  it  is  in  the  neighbour¬ 
ing  Tropic  * ;  and  therefore  in  that  Cafe,  that  is,  once  a  Tear ,  the 
Sun  in  its  diurnal  Motion  performs  one  entire  Revolution  without  go¬ 
ing  down  under  the  Horizon 

But  every  where  in  a  Frozen  Zone  the  Height  of  the  Pole  is  grea¬ 
ter  than  the  leaft  Diftance  of  the  Sun  from  the  Pole  *  ;  therefore 
during  fonte  Revolutions  of  the  Earth ,  the  Sun  is  at  a  Diftance  from 
the  Pole,  which  is  lefs  than  the  Pole's  Height,  and  during  all  that 
Time,  it  does  not  fet ,  nor  fo  much  as  touch  the  Horizon  *.  But 
where  the  Diftance  from  the  Pole,  as  the  Sun  recedes  from  it,  does 
exceed  the  Height  of  the  Pole  or  Latitude  of  the  Place  *,  the  Sun 
rifes  or  fets  every  natural  Day -f*;  then  in  it’s  Motion  towards  theop- 
poftte  Pole,  it  flays  in  the  fame  Manner ,  below  the  Horizon ,  as  was 
faid  of  the  Motion  above  the  Horizon  *. 

Thefe  Times,  in  which  the  Sun  makes  intire  Revolutions  above 
the  Horizon,  and  below  it,  in  it’s  diurnal  Motion  are  fo  much 
the  greater,  that  is,  the  longefl  Day  and  Night  lajl  the  longer ,  the 
lefs  the  Place  in  the  Frigid  Zone  is  dfia?it  from  the  Pole ,  till  at  laft, 
at  the  Pole  itfelf,  they  take  up  the  Time  of  the  whole  Year  *. 

From  the  fame  Caufes,  namely,  the  Obliquity  of  the  Ecliptic  in 
refpecl  of  the  / Equator ,  by  which  are  occafioned  all  the  Things 
which  relate  to  the  Inequality  of  Days,  which  is  different  in  dif¬ 
ferent  Places ;  we  alfo  deduce  the  Difference  of  Seafons ,  which 
fucceed  one  another  every  Tear  ;  I  ftiall  fpeak  of  them  firft  in  refpedt 
to  the  Frigid  and  Temperate  Zones,  and  then  in  refpedt  to  the  Tor¬ 
rid  Zone.  The 


The  Rays  of  the  Sun  communicate  Heat  to  the  Air,  not  only 
when  they  come  diredtly  from  the  Sun,  but  when  they  are  refle&ed 
irregularly  from  Bodies  or  the  Surface  of  the  Earth  *. 

This  Effect  is  fo  much  greater  as  the  Rays  ftrike  the  lefs  obliquely 
againft  the  Surface  of  the  Earth  ;  and  that  upon  a  double  Account, 
i.  If  you  refolve  the  Motion  of  the  Light  into  two  Motions  one 
of  which  is  parallel,  and  the  other  perpendicular  to  the  Surface  of 
the  Earth;  the  Light  a&s  upon  Bodies  only  by  the  laft  Motion, 
which  diminifhes  as  the  Obliquity  increafes.  2.  There  are  more 
Rays  afting  at  one  Time  upon  the  fame  Part  of  the  Surface  of  the 
Earth,  the  more  diredtly  they  come  upon  it. 

Hence  we  deduce  that  the  Caufes  of  Heat  increafe  when  the  Days 
increafe ,  by  the  Sun  coming  towards  the  Pole  which  is  above  the 
Horizon  ;  becaufe  the  Sun  does  daily  afcend  to  a  greater  Height ; 
fo  that  to  the  diminifhed  Obliquity  is  added  the  longer  Continuance 
of  the  Sun  above  the  Horizon,  both  which  concur  to  the  increaf- 
ing  of  the  Heat ;  the  Nights  alfo  are  diminifhed  as  the  Days  in¬ 
creafe,  and  the  Heat  that  is  produced  by  Day  has  lefs  Time  to  de- 
creafe  in. 

In  the  Northern  Zones,  as  follows  from  this,  the  Caufe  of  the 
Heat  is  the  greateft  of  all,  when  the  Sun  comes  to  the  Tropic  of 
Cancer  *.  Yet  the  Heat  is  not  always  the  greateft  where  the  Caufe  of  * 
Heat  is  the  greateft ;  for  the  Heat  increafes  as  long  as  that  which 
is  acquired  by  Day  is  not  wholly  deftroyed  by  Night ;  for  though 
the  daily  Augmentations  be  diminifhed,  as  long  as  there  is  an  Aug¬ 
mentation  the  Heat  increafes.  7 he  moft  intenfe  Cold  is  not  upon  the 
Jhorteft  Dayy  in  which  the  Obliquity  of  the  Sun’s  Rays  is  the  greateft, 
and  the  Abfence  of  the  Sun  the  longeft  ;  but  the  Cold  increafes, 
as  long  as  the  Diminution  of  the  Heat  does  laft ;  concerning  which 
one  may  reafon  in  the  fame  Manner  as  concerning  the  Increafe  of 
Heat. 

The  Year  is  divided  into  four  Seafons ;  the  hotteft  is  called  the  Sum- 
mer  ;  the  coldeft  the  Winter ;  the  temperate  Seafon  that  follows  the 
Winter ,  Spring ;  and  the  Autumn  comes  between  Summer  and  W inter . 

In  the  Northern  Regions ,  in  the  Beginning  of  Springs  the  Sun  ap¬ 
pears  to  be  in  the  Beginning  of  Aries ;  in  the  Beginning  op  Sumner 
the  Sun  comes  to  the  Tropic  of  Cancer .  Wloen  the  Sun  enters  Libra , 
the  Autumn  begins :  In  the  Beginning  of  Whiter  the  Sun  performs  if  s 
diurnal  Motion  in  the  Tropic  of  Capricorn  ;  all  which  may  be  eafily 
deduced  from  what  has  been  explained  *.  * 
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In  the  Southern  Regions  the  Summer  happens  in  the  the  Time  of 
Winter  abovementioned ,  and  they  have  their  Spring  whiljl  the  former 
have  their  Autumn  \  and  fo  of  the  other  Seafons. 

The  general  Caufes,  upon  which  the  Divifion  abovementioned 
depends,  are often  difturbed  by  Caufes  relating  to  particular  Places: 
efpecially  in  the  Torrid  Zone ,  of  which  we  faid  we  muft  treat  fepa- 
rately.  In  moft  Places  of  this  Zone  there  are  only  two  Seafons  ob - 
ferve d  (viz.)  Summer  and  Winter ,  which  are  chiefly  diftinguijhed  by 
dry  and  wet  Weather . 

When  the  Sun  comes  to  the  Zenith  of  any  Place ,  there  are  almoft 
continual  Rains,  upon  which  Account  the  Heat  is  diminiftied, 
which  Time  is  referred  to ,  or  called  Winter .  As  the  Sun  recedesy 
the  Rains  dimihifh,  the  Heat  is  increafed ,  and  that  Time  is  referred 
to  Summer. 

In  the  Middle  of  the  Torrid  Zoney  there  are  two  Summersy  and  as 
many  Winters  \  becaufe  the  Sun  comes  up  twice  to  the  Zenith 

Towards  the  Sides  of  this  Zone,  though  the  Sun  comes  twice 
to  the  Zenith  ;  yet  fince  there  is  but  a  fmall  Time  between  it’s 
coming  to  it  the  firft  and  fecond  Time,  both  the  Winters  are  con¬ 
founded  into  one,  wherefore  only  two  Seafons  in  a  Year  are  ob- 
ferved  there. 

' 

C  H  A  P.  IX. 

Concerning  the  Phaenomena  arijing  from  the  Motion  of 

the  Axis  of  the  Earth. 

IITE  have  faid  that  the  Axis  of  the  Earth  is  carried  by  a 
V  V  parallel  Motion  *  ;  we  have  not  confidered  a  fmall  Mo¬ 
tion,  whereby  it  is  really  moved,  of  which  we  fhall  now  fpeak. 

The  Axis  of  the  Earth ,  keeping  the  Inclination  of  66  Deg.  3  1 
Min.  to  the  Plane  of  the  Ecliptic ,  revolves  in  Antecedentia^  that  is, 
is  fucceffively  carried  towards  all  Parts ;  and  it’s  Extremities,  (viz  ) 
the  Poles  of  the  World  defcribe  Circles  round  the  Poles  of  the  Eclipticy 
from  Eaft  to  Weft.  And  this  Revolution  is  performed  in  the  Time 
of  about  26000  Tears ,  which  Period  is  called  the  Great  Tear. 

Becaufe  the  Earth  is  looked  upon  as  immoveable  by  it’s  Inhabi¬ 
tants,  this  Motion  is  referred  to  the  heavenly  Bodies,  as  has  been 
faid  of  the  other  Motions.  Therefore  whilft  the  Poles  of  the 
World  are  moved  about  the  Poles  of  the  Ecliptic  in  Antecedentiay 

t  and 


and  pafs  fucceffively  through  all  the  Points  that  are  23  Deg.  29 
Min.  diftant  from  thefe  Poles,  thefe  Points  themfelves,  or  rather 
the  fixed  Stars  that  are  in  them,  come  towards  the  Poles  of  the 
World  fucceffively,  and  feem  to  be  carried  in  Confeque?2tia ,  and  to 
defcribe  Circles  which  are  really  defcribed  by  the  Poles  of  the  World 
about  the  Poles  of  the  Ecliptic,  which,  being  placed  in  Centers, 
alone  are  at  reft.  For  together  with  the  Stars  abovementioned  the 
reft  of  the  Stars  (becaufe  they  keep  the  fame  Situation  in  refpedt  to 
one  another)  *  do  alfo  appear  to  be  moved.  *  3689. 

Therefore  the  whole  Sphere  of  the  fixed  Stars  feems  to  move,  in  4020. 
Confequentia,  about  an  Axis  pafimg  through  the  Poles  of  the  Ecliptic ; 
and  each  Star  apparently  defcribes  a  Circle  parallel  to  the  Ecliptic  ; 
by  which  Motion  the  Latitude  of  the  Stars. is  not  changed. 

The  Plane  of  the  ./Equator  makes  a  right  Angle  with  the  Axis 
of  the  Earth ;  therefore,  by  the  aforefaid  Motion  of  its  Axis,  the 
Sedtion  of  the  Plane  of  the  ./Equator,  with  the  Plane  of  the  Ecliptic,  4021. 
is  moved  round;  wherefore  the  firfi  Points  of  Aries  and  Libra*,  h  3890. 
which  are  always  oppofite,  move  through  the  whole  Ecliptic  Line 
in  the  Space  of  about  25920  Tears  in  Antecedentia :  Yet  they  are 
looked  upon  as  immoveable  by  the  Inhabitants  of  the  Earth,  who 
imagine  that  the  fixed  Stars  themfelves  are  moved  in  Confequentia*.  *  4020, 

This  Tranflation  of  the  fir  ft  Point  of  Aries  and  Libra,  which  is  4022. 
called  the  Prcecefjion  of  /Equinoxes,  is  the  Reafon  why  the  Sun, 
when  it  has  receded  from  one  of  thefe  Points,  returns  to  it  again 
before  it  has  performed  one  intire  Revolution  in  the  ecliptic  Line : 

But  as  the  ./Equinoxes  determine  the  Vulgar  or  Ecliptic  Year,  the 

periodical  Time  of  the  Earth  exceeds  that  Year*.  *  3729° 

,  'vn  5 
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Concerning  the  fixed  Stars. 
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WE  have  faid  that  the  fixed  Stars  are  lucid  Bodies,  removed 
fo  far  off,  that  their  Diftances  can  be  compared  with  no 
Diftances  in  the  planetary  Syftem.  For  Ajlronomers  have  not  been 
able,  by  their  nicefi  Obfervations ,  to  obferve  the  Poles  oj  the  World  car¬ 
ried  out  of  their  Place  in  the  annual  Motion  oj  the  Earth  *,  although  *  2654. 
they  defcribe  Circles  in  the  Heavens  which  are  equal  to  the  Earth's 
Orbit  *.  *  3721. 
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Definition  i. 

This  Motion  of  the  Pole  is  called  the  annual  Parallax. 

That  the  fixed  Stars  are  at  an  immenfe  Diftance,  it  is  alfo  proved 
by  Obfervations  with  the  Help  of  Telefcopes,  if  any  fixed  Star 9 
even  the  lucid  and  confpicuous,  be  beheld  with  a  Telefcope ,  through 
which  the  Diameter  of  the  Sun  would  appear  equal  to  the  Diame¬ 
ter  of  the  Earth’s  annnal  Orbit,  it  will  appear  to  be  a  lucid  Point , 
without  any  fenfible  Magnitude ;  for  all  the  fixed  Stars  appear  lefs 
when  they  are  feen  through  Telefcopes,  than  they  do  to  the  naked 
Eye;  for  ’tis  only  their  Twinkling  which  makes  them  appear  to 
have  any  fenfible  Magnitude. 

That  the  Stars  may  be  difinguifhed ,  they  are  referred  to  various 
Figures ,  which  are  imagined  in  the  Heavens ,  and  are  called  Con - 
jlellations. 

Twelve  Confellations  are  imagined  to  be  in  the  Zodiac ,  which  are 
called  the  Signs  of  the  Zodiac  ;  they  receive  their  Names  from  the 
Animals  or  Things  which  they  reprefent :  Aries,  Taurus ,  Gemini y 
Cancer ,  Leo,  Virgo ,  Libra,  Scorpius,  Sagittariusy  Capricornus y 
Aquarius ,  Pifces . 

Theje  Signs  have  given  their  Names  to  twelve  Parts  of  the  Ecliptic, 
of  which  we  have  fpoken  before  *. 

In  the  Time  of  Hipparchus ,  the  Sections  of  the  Ecliptic  and  JE- 
quator  were  between  the  Conftellations  of  Pifces  and  Aries y  and 
Virgo  and  Libra ,  and  the  Conftellations  gave  their  Names  to  thofe 
Parts  of  the  Ecliptic,  which  paflfed  through  each  Conftellation, 
and  the  Parts  of  the  Ecliptic  fuppofng  the  Beginning  of  Aries  and 
Libra,  in  the  Interfe Elions  of  the  /Equator  and  the  Ecliptic,  have  kept 
the  Names  which  they  had  at  that  Time,  though  thefe  Inter feElions  be 
carried  from  their  old  Places  * ;  whence  the  Sun  is  faid  to  be  in 
Taurus,  when  it  moves  amongft  the  Stars  of  the  Conftellation 
Aries . 

The  Zodaic  feparates  the  North  Part  of  the  Heavens  from  the 
South  Part. 

In  the  Northern  Region  are  the  following  Confellations :  the  leffer 
Bear,  the  greater  Bear,  the  Dragon,  Cepheus,  the  Hounds,  Bootes , 
the  Northern  Crown,  Hercules,  the  Harp,  the  Swan,,  the  Lizzard \ 
Caffopeia, .  Camelopardus,  Per  feus,  Andromeda,  the  Triangle,  the  lef¬ 
fer  Triangle ,  the  Fly,  Auriga,  Pegafus,  or  the  Flying-Horfe,  Equule¬ 
us,  the  Dolphin ,  the  Fox ,  the  Goofe,  the  Arrow,  the  Eagle,  Antinous * 
Sobiejkfs  Shield,  Serpent arius,  the  Serpent,  Mount  Mcenalus,  Bere¬ 
nices  Hair,  the  leffer  Lion ,  the  Lynx .  dn 


In  the  Southern  Region  of  the  Heavens ,  are  the  following  Confiel -  4034,' 
lations,  many  of  which  are  invifible  to  us  *  :  namely  the  Whale ,  the*  3958, 
River  Eridanus ,  the  Hair ,  Or/i«,  ^  gratf  Ztog*,  Rhinoceros ,  2$* 

/#r  Dog-,  the  Ship  Argo ,  the  Sextant  of  Urania ,  the  Cupy 

the  Crow ,  Centaur ,  the  Wolf  the  Altar ,  the  Southern  Crown , 

the  Southern  Fijh,  the  Phoenix,  the  Crane ,  /fo  Indian,  the  Peacocky 
the  Bird  of  Paradife ,  Southern  triangle,  the  Crofs ,  /fe  F/y,  the 

Chamcelean  King ,  Charles’*  iv/ft,  the  Toucan  cr  A- 

merican  Goofe ,  Hydrus ,  or  the  Water  Serpent,  Xiphias ,  <?r  the 
Sword  Fifh. 

Definition  2. 

The  Stars ,  which  are  between  the  Confellations ,  called  unformed  403 

Stars. 

72^  Star*  tfn?  not  equally  lucid ,  they  referred  by  Aftro-  403  6 * 

nomers  /0  Clajfes ,  the  moft  lucid  are  called  Stars  of  the  firft 

Magnitude ;  others  are  faid  to  be  Stars  of  the  fecond  Magnitude, 
others  of  the  third,  GV.  to  the  fixth  Magnitude. 

£0/^  not  referred  even  to  this  laf  Clafs ,  Nebu-  4037* 

/Wj  Star*. 

/V  alfo  certain  or  Belt  obferved  Heavens ,  4038, 

which  is  not  every  where  of  the  fame  Breadth,  and  goes  round  the 
whole  Heavens,  and  in  fome  Places  is  feparated,  fo  as  to  become 
double.  From  its  Colour  it  is  called  the  milky  Way .  It  is  plain 
from  Obfervations  by  the  Telefcope,  that  /£/5  if  <7/2  Afjemblage  4°39* 
of  innumerable  fixed  Stars ,  which  cannot  be  feen  by  the  naked  Eye,  either 
becaufe  they  are  lefs  than  the  other  Stars,  or  more  diftant. 

T awards  the  Antarctic  Pole  there  are  two  Nubeculae ,  of  the  fame  .  4040V 
Colour  as  the  Milky  Way ,  which  are  alfo  Heaps  of  fmall  Stars ,  and 
cannot  be  feen  without  a  Telefcope.  Befides  the  Stars,  which  are 
obferved  in  thefe  Nubeculae,  and  in  the  Milky  Way,  to  whatfoever  4041*. 
Parts  of  the  Heavens  you  point  the  Telefcope ,  70/7  may  dif cover  fmall 
Stars  in  a  great  Number  which  are  not  vifible  to  the  naked  Eye.. 

Very  often  an  Heap  of  Stars  appears  to  the  naked  Eye  to  be  but 
one  Star. 

Amongjl  the  Stars ,  fome  are  vifible  and  invifible  by  Fits ,  and  ob -  4042V 

ferve  regular  Periods  5  others  are  fucceffively  fometimes  more  lucid,, 
fometimes  of  a  duller  Light,  and  to  be  feen  only  by  the  Help  of  a 
Telefcope,  and  that  at  certain  Times. 

Tet  they  are  not  equally  bright  at  every  Period .  Sometimes  Stars'  4°43* 
have  appeared  fuddenly ,  exceeding  the  brightefi  in  Light ,  which  af~ 

1  terwardsT 
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terwards,  fuccejjively  decreajing ,  have  vanijhed  in  a  Jhort  Time,  and 
Jiill  remain  invijible . 

Befides  the  Stars,  we  obferve  in  the  Heavens  fever al  whitijh  Spots , 
which  are  in  fome  Meafure  lucid  and  invifible  to  the  naked  Eye ;  their 
Light  is  referred  to  the  Stars  which  are  in  them,  or  they  are  looked 
upon  as  nebulous  Stars. 

What  thefe  Spots  are  cannot  be  determined  $  perhaps  they  are 
a  Congeries  of  Stars,  which  have  the  fame  Relation  to  the  Telefco- 
pick  Stars,  as  thofe  which  form  the  Milky  Way  have  to  thofe 
which  are  feen  by  the  naked  Eye. 
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Concerning  univerfal  Gravity . 

HAVING  explained  the  Motions  of  the  heavenly  Bodies, 
and  the  Phaenomena  arifing  from  them,  we  muft  now  examine 
by  what  Laws  thefe  Motions  are  performed. 

We  have  before  laid  down  the  Laws  according  to  which  the 

O 

Motions  of  Bodies  are  directed  If  we  add  one  to  thefe,  we" 
fhall  fee  the  whole  Contrivance  by  which  that  vaft  Machine,  the 
Planetary  Syftem,  is  governed. 

The  Law  to  be  added  to  the  reft,  is  this.  All  Bodies  are  mu¬ 
tually  heavy  (or  gravitate)  towards  each  other . 

This  Gravity  is  proportional  to  the  Quantity  of  M 
At  unequal  Dijlances  it  is  inverfy  as  the  Square 


f  the  Diflance . 

That 
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That  is,  all  Bodies  mutually  attradl  or  tend  towards  each  other, 
with  the  Force  which  belongs  to  each  Particle  of  Matter  adting 
upon  each  Particle;  and  the  Force,  with  which  a  Body  adts  upon 
others,  is  compounded  of  the  joint  Forces  of  all  the  Particles  of 
which  the  Body  confifts ;  fo  this  Force  increafes  in  the  Pro¬ 
portion  of  the  Quantity  of  Matter,  and  is  unchangeable  in  every 
Particle ;  it  is  always  the  farne  at  the  fame  Diftance ;  but  the  Dis¬ 
tance  increafing,  the  Force  decreafes  as  the  Square  of  the  Diftance 
increafes. 

We  call  this  Force  Gravity ,  when  we  confider  a  Body  which  of  it - 
felf  tends  towards  another  ;  becaufe  this  Force  is  called  by  this  Name 
near  the  Earth’s  Surface  *. 

But  when  we  confider  a  Body ,  towards  which  another  tends ,  we  call 
the  Force  Attraction.  We  mean  the  fame  Effedt  by  thefe  Names, 
and  nothing  but  the  Effedt ;  for  fince  all  Gravity  is  reciprocal  *,  it 
is  the  fame  to  fay,  all  Bodies  gravitate  mutually  towards  one  an¬ 
other,  as  that  Bodies  mutually  attradt  one  another,  or  mutually  tend 
towards  each  other. 

We  look  upon  this  Effedt  as  a  Law  of  Nature  * ;  becaufe  it  is 
conftant,  and  its  Caufe  is  unknown  to  us,  and  cannot  be  deduced 
from  Laws  that  are  known,  as  we  fhall  fhew  by  and  by.  Now 
that  there  is  fuch  a  Gravity,  is  to  be  proved  from  Phaenomena. 

All  the  primary  Planets  are  kept  in  their  Orbits  by  Forces ,  which 
tend  towards  the  Center  of  the  Sun*  ;  therefore  there  is  a  Force  by 
which  the  Planets  are  carried  towards  the  Sun,  and  whereby  the 
Sun  tends  reciprocally  towards  each  of  them  *  :  That  is,  the  Sun 
and  Planets  gravitate  mutually  towards  each  other. 

After  the  fame  Manner  it  is  plain,  that  the  Satellites  of  "Jupiter 
and  Jupiter  gravitate  towards  each  other  ;  as  alj'o  that  the  Satellites 
of  Saturn  gravitate  towards  their  primary  Planet ,  and  that  towards 
them  *. 

Fhe  Moon  and  the  Earth  alfo  gravitate  towards  each  other . 

All  the  fecondary  Planets  gravitate  towards  the  Sun.  For  they 
are  all  carried  by  a  regular  Motion  about  their  primary  Planets,  as 
if  the  primary  Planets  were  at  reft ;  whence  it  is  plain,  that  they 
are  carried  about  by  the  common  Motion  with  the  primary  Planets; 
that  is,  that  the  fame  Force,  by  which  the  primary  Planets  are 
every  Moment  carried  towards  the  Sun,  adts  upon  the  fecondary 
ones ,  and  that  they  are  carried  towards  the  Sun  with  the  fame  Cele¬ 
rity  as  the  primary  Planets. 

Even 


/ 
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Even  the  Irregularities  of  the  fecondary  Planets,  which  are  fo 
fmall,  as  only  to  be  fenfible  with  refpeCt  to  the  Moon,  confirm 
this  Gravity  of  the  fecondary  Planets  towards  the  Sun ;  for  we  {hall 
{hew  hereafter,  that  all  the  Irregularities  are  caufed  by  the  Change 
of  the  Moon’s  Gravity  towards  the  Sun,  at  a  different  Diftance 
and  becaufe  the  Lines,  in  which  the  Earth  and  Moon  tend  towards 
the  Sun,  are  not  altogether  parallel. 

From  the  Gravity  of  the  fecondary  Planets  towards  the  Sun,  it 
follows,  that  the  Sun  gravitates  towards  them  *. 

In  refpeCt  of  the  Gravitation  of  the  primary  Planets  towards  one 
another,  Aftronomers  have  obferved  that  Saturn  changes  its  Way 
a  little  when  it  is  neareft  to  Jupiter,  which  is  far  the  greateft  of  all 
the  Planets ;  fo  that  it  is  plain  from  immediate  Obfervations,  that 
Jupiter  and  Saturn  gravitate  towards  each  other . 

Saturn  alfo  in  this  Cafe,  as  Flamjieed  has  obferved,  difturbs  the 
Motion  of  the  Satellites  of  Jupiter ,  attracting  them  a  little  to  itfelf ; 
which  proves  that  thefe  Satellites  gravitate  towards  Saturn ,  and  Sa¬ 
turn  towards  them. 

Having  compared  together  all  that  has  been  faid  from  N°  4054 
to  4062.  it  follows,  that  the  feventeen  Bodies,  of  which  the  pla¬ 
netary  Syftem  is  made  up,  mutually  gravitate  towards  each  other, 
although  no  immediate  Obfervations  can  be  made  concerning  the 
Gravitation  of  each  particular  one  towards  the  reft 

The  fecond  Part  of  the  Law  is  *,  that  Gravity  is  proportional  to 
the  Quantity  of  Matter ;  that  is,  that  all  the  Particles  of  Matter 
gravitate  towards  each  other  j  and  therefore  that  the  Law  of  Gra¬ 
vity  is  univerfal,  and  that  every  Body  aCts  upon  all  other  Bodies ; 
which  is  deduced  from  Phenomena. 

The  Forces  of  Gravity  are  as  the  Actions  produced  in  the  fame 
Time  *,  and  thole  Actions,  if  the  Tranflations  are  equal,  are  to  one 
another,  as  theQuantities  of  Matter  in  the  Bodies  transferred*;  there¬ 
fore  fince  unequal  Bodies  at  the  fame  diftance  from  the  attracting 
Body,  move  equally  fwift  by  Gravity  *,  it  is  evident,  that  the 
Forces  of  Gravity  are  proportional  to  the  Quantity  of  Matter  *. 

We  find  the  fame  in  all  Bodies  near  the  Earth's  Surface ,  which 
have  a  Gravitation  towards  the  Earth,  proportional  to  their  Quan¬ 
tity  of  Matter  *. 

But  the  mutual  Gravity  of  all  thefe  Bodies  towards  one  another  is 
not  fenfible  ;  becaufe  it  is  exceeding  fmall  in  refpeCt  to  their  Gravity 
towards  the  Earth ;  and  therefore  cannot  difturb  their  Motion  arifing 
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from  their  Gravity  towards  the  Earth  3  at  leaft,  fo  as  to  make  any 
fenfible  Change  in  the  Direction  of  their  Motions. 

We  fhall  prefently  fhew,  by  another  Method,  that  this  univer- 
fal  Gravity  of  all  the  Particles  of  Matter,  whereby  they  aft  upon 
one  another,  may  be  proved  from  Phaenomena  *. 

The  third  Part  of  the  Law,  which  we  examine,  is,  that  Gravity 
decreafes  when  the  Diftance  increafes,  and  is  inverfly  as  the  Square 
of  the  Diftances,  which  alfo  follows  from  Phaenomena. 

Bodies,  upon  which  Gravity  afts  according  to  their  Quantity  of 
Matter,  as  in  our  Syftem,  are  moved  with  an  equal  Celerity  in  the 
fame  Circumftances,  as  we  faid  before  3  fo  that  it  is  no  Matter, 
whether  the  Bodies  are  greater  or  lefs  3  and  they  are  moved  as  if  they 
were  equal :  But  in  this  Cafe,  if  the  Force  towards  a  Point  de¬ 
creafes  in  an  inverfe  Ratio  of  the  Square  of  the  Diftance  from  that 
Point,  and  the  Bodies  move  at  various  Diftances  from  it,  and  are 
kept  jn  Circles  by  that  Force  3  the  Squares  of  the  Periodical  Times 
will  be  to  one  another,  as  the  Cubes  of  the  Diftances  *.  Which  is 
demonftrated  by  Geometers  to  obtain  (in  refpeft  of  the  mean  Dif¬ 
tances)  in  Elliptic  Lines,  whofe  Forces  are  direfted  to  their  Foci 
But  this  is  the  Cafe  in  Bodies  which  revolve  about  the  Sun,  Saturn 
and  Jupiter  *  3  whence  it  follows,  that  the  Force  of  Gravity, 
receding  from  the  Centers  of  thefe  Bodies,  decreafes  in  an  inverfe 
Ratio  of  the  Squares  of  the  Diftances. 

By  this  Reafoning  fuppoling  Gravity  proportional  to  the  Quan¬ 
tity  of  Matter,  we  demonftrate,  that  it  decreafes  in  an  inverfe  Ra¬ 
tio  of  the  Square  of  the  Diftance.  And  by  the  lame  Reafoning, 
fuppofing  the  Diminution  of  Gravity  to  be  in  this  Proportion  it  fol¬ 
lows,  that  Gravity  is  proportional  to  the  Quantity  of  Matter  as  is 
very  evident. 

But  we  prove  by  another  Argument,  that  the  Diminution  of  Gra<- 
vity  fo  often  mentioned,  is  in  an  inverfe  Ratio  of  the  Square  of  the 
Diftance  3  fo  that  there  can  remain  no  Doubt  concerning  the  two 
Laws  of  Gravity,  which  we  now  treat  of. 

The  Planets  are  moved  in  Orbits  at  reft  *  3  and  are  kept  in  them 
by  Forces,  which  are  direfted  to  an  excentric  Point  ^3  but  it  is 
plain,  that  this  would  not  obtain,  if  the  central  Force  did  not  inr 
create  in  an  inverfe  Ratio  of  the  Square  of  the  Diftance  *. 

It  follows  from  the  fame  Reafoning,  that  receding  from  the 
Center  of  the  Earth,  Gravity  decreafes  according  to  the  fame  Law. 
For  the  Moon  is  retained  in  it’s  Orbit  by  a  Force  which  tends 
towards  the  Center  of  the  Earth,  that  is  to  an  excentric  Point  * : 

and 
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and  though  the  Line  of  the  Apfides  is  not  carried  by  a  parallel  Mo¬ 
tion,  it’s  Agitation  is  fo  fmall,  if  we  confider  every  Revolution, 
that  it  may  be  looked  upon  here  as  quiefcent :  In  the  16th  Chapter 
we  (hall  compute  the  Force  which  keeps  the  Moon  in  its  Orbit  fo 
agitated,  and  we  {hall  find  the  Diminution  of  the  Force  of  Gravity, 
in  reipeft  of  the  Moon,  to  differ  very  little  from  an  inverfe  Ratio 
of  the  Square  of  the  Diftance,  and  we  fhall  {hew  hereafter,  that  this 
Difference  depends  upon  the  ACtion  of  the  Sun. 

And  no  Doubt  will  remain  concerning  this  Diminution,  if  we  4076, 

confider,  that  the  Moon  is  kept  in  it's  Orbit  by  that  very  Force , 
wherewith  Bodies  are  carried  towards  the  Earth,  near  the  Earth's 
Surjace  •>  which  is  diminished  according  to  the  Law  of  Diminution 
fo  often  mentioned. 

The  mean  Diftance  of  the  Moon  is  6of  Semidiameters  of  the 
Earth :  that  is  60,  50.  Let  us  fuppofe  it  to  be  60,  522 ;  which 
Correction  is  fmall,  if  we  confider  alfo  that  this  that  we  fuppofe  is 
a  Mean  between  leveral  mean  Diftances  determined  by  different 
Aftronomers.  We  have  before  Shewn,  that  a  Diameter  of  the 
Earth  contains  3  3  89940  Rhynland  Perches  * ;  whence  knowing  the  *  3750. 
periodical  Time  J,  of  the  Moon,  we  eafily  difcover  that  the  Moon,  +  3743, 
in  one  Minute  of  Time,  goes  through  196594  Rhynland  Perches 
of  her  Orbit.  This  Arc  is  not  the  hundredth  Part  of  one  Degree, 
and  may  be  looked  upon  as  it's  Subtenfe  ;  therefore  the  Diameter 
of  it’s  Orbit  is  to  this  Arc ;  as  the  Arc  itfelf  is  to  it’s  verfed  Sine, 
which  is  difcovered  to  be  of  15,6982  Rhynland  Feet,  and  it  is  the 
Space  which  the  Moon  and  Earth  would  go  through  in  one  Mi¬ 
nute,  coming  to  one  another  by  their  mutual  Attraction. 

But  as  we  have  obferved,  the  Gravity  of  the  Moon  to  the  Earth 
is  changed  by  the  Sun’s  ACtion  ;  and  as  we  fhall  {hew  in  the  1 6th 
Chapter,  the  EfteCt  of  the  whole  ACtion  coincides  with  the  Dimi¬ 
nution  of  the  Gravity,  which  is  to  the  Gravity  itfelf,  as  1  to 
1 8o,66  y  wherefore  the  Space  1 5,6982  muft  be  increafed  in  that  Pro¬ 
portion,  that  the  Diminution  from  the  ACtion  of  the  Sun  may  be 
taken  away,  and  then  it  will  be  15,7851  Feet. 

The  Space  gone  through  by  a  Body  which  Gravity  caufes  to  4078. 
come  towards  another,  depends  upon  the  Force  by  which  it  is  at¬ 
tracted  by  it,  all  whofe  Angle  Particles  of  Matter  attract  it  *  ;  there-  *  4066. 
fore  the  Spaces  run  through  by  the  Moon  and  the  Earth,  in  their 
Accefs,  are  inverfely  as  the  Quantity  of  Matter  in  them.  There¬ 
fore  as  the  Quantity  of  Matter  in  both  the  Bodies  of  the  Moon  and 
Earth  together,  is  to  the  Quantity  of  Matter  in  the  Earth;  fo  is  the 
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Space  run  through  by  both  in  their  mutual  Accefs,  to  the  Way  run 
through  by  the  Moon  alone.  But  the  Quantities  of  Matter  in  the 
Moon  and  Earth,  as  we  fhall  fhew  in  the  laft  Chapter,  are  to  one 
another  as  1  and  39,31.,  and  40,31,  is  to  39,31.,  as  15,7851.  to 
15,3935.,  the  Space  run  through  by  the  Moon ;  which  therefore 
any  Body  would  go  through  toward  the  Earth  in  one  Minute,  fet- 
ting  out  at  the  Diftance  of  the  Moon  *. 

This  Force  increafing  in  the  inverfe  Ratio  of  the  Squares  of  the 
Diftances,  the  Space  run  through  at  the  fame  Time  at  the  Diftance 
of  one  Semidiater  of  the  Earth,  that  is  in  it's  Surface,  will  be  of 
60,522  x  60,522  x  1 5,3 93 5  Feet*  but  becaufe  in  every  Motion 
equably  accelerated,  as  here,  (for  we  confider  the  Force  at  the  Di¬ 
ftance  of  the  Surface  of  the  Earth  from  it’s  Center)  the  Squares  of 
the  Times  are,  as  the  Spaces  run  through  in  their  Fall*,  dividing 
that  Number  by  60  x  60,  that  is  3600,  we  have  the  Space  run 
through  by  a  Body  in  a  fecond  Minute  near  the  Earth,  by  the  Force 
with  which  the  Moon  is  retained  in  it’s  Orbit,  which  is  found  to 
be  15,6625  Rhynland  Feet. 

Now  if  we  examine  the  Gravity  which  we  experience  every  Day 
in  all  Bodies  on  the  Surface  of  the  Earth  * ;  from  what  has  been 
demonftrated  concerning  the  Motion  of  Pendulums  J,  and  by  very 
accurate  Experiments  made  at  Paris  and  in  Lapland  upon  Pendu^- 
lums,  it  appears,  that  Bodies  under  the  Poles  in  one  Second  fall 
1 5,6743  Rhynland  Feet;  and  under  the  TEquator  15,5966  Feet. 
But  Bodies  under  the  TEquator  are  directly  pufbed  upwards  by  the 
centrifugal  Force ;  and  as  every  Point  of  the  TEquator  in  one  Mi¬ 
nute  goes  through  i487,44Feet,  as  is  certain  from  the  known  Time 
of  the  Revolution  of  the  Earth,  and  the  known  Diameter  of  the 
^Equator,  which  we  determine  in  the  iythChapter,  as  alfo  fince 
the  verfed  Sine  of  that  Arc  is  of  0,054  2  Feet,  this  Sine  flxews  the 
Space,  which  Bodies  afcending  by  the  centrifugal  Force,  in  one 
Second  would  go  through  if  they  were  not  hindered  by  Gravity. 
Gravity  is  diminifhed  by  the  Action  of  that  centrifugal  Force, 
which  being  fet  afide,  Bodies  under  the  ^Equator  would  in  one 
Second  run  through  15,6508  Feet  by  Gravity.  Therefore  Bodies  by 
Gravity  which  is  a  Mean  between  this  Gravity  and  that  at  the  Pole* 
will  go  through  15,6625  in  Rhynland  Feet  in  one  Second.  And 
this  Gravity  is  the  very  lame  Force  which  retains  the  Moon  in  it’s 
Orbit. 

We  have  confidered  the  Centers  of  the  Bodies  in  examining  the 
Law  of  the  Diminution  of  Gravity,  although  Gravity  belongs  to  all 
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the  Particles  of  Bodies ;  becaufe  it  is  plain  by  the  Mathematical 
Demonftration,  which  we  fhall  give  in  the  next  Scholium,  that^  4082. 
Action  oj  a  fpheri cal  Body  (in  which ,  in  every  Part ,  the  Particles, 
that  are  equally  diftant  from  the  Center,  are  homogeneous ,  and  which 
is  made  up  of  Particles ,  towards  which  there  is  a  Gravity  that  de¬ 
er  eafes,  receding  from  each  oj  them  in  an  inverfe  Ratio  of ''the  Square 
of  the  Di/lance)  is  directed  towards  the  Center  oj '  the  Body ,  and  re¬ 
ceding  from  it,  is  di mini  fed  in  the  fame  inverfe  Ratio  of  the  Square 
of  the  Difance :  So  that  fuch  a  Body  ads,  as  if  all  the  Matter,  of 
which  it  confifts,  was  colleded  in  it’s  Center.  Whence  we  de¬ 
duce  the  following  Conclufions. 

That  on  the  Surfaces  oj' Bodies,  in  which  the  Matter  is  homogeneous  4083. 
at  equal  Difiances  j'rom  the  Center,  the  Gravity  is  direBly  as  the  ghtan- 
tity  of  Matter  in  the  Bodies  *,  and  inverfy  as  the  Squares  of  the  Dia-  *  4048* 
meter  J ;  for  in  thefe  Bodies  the  Diftances  from  the  Center  are  as  J  4049, 
the  Diameters. 

That  on  the  Surfaces  of  Bodies  that  are  fpherical ,  homogeneous,  and  4084. 
equal,  the  Gravities  are,  as  the  Denfities  of  the  Bodies  for  the 
Diftances  from  the  Center  are  equal  $  in  which  Cafe  the  Forces  of 
Gravity  are  as  the  Quantities  of  Matter  * ;  which  in  equal  Bodies,  *  4048. 
are  as  their  Denfities  £.  J  1463* 

That  on  the  Surfaces  of  the  Bodies ,  that  are  fpherical,  unequal,  ho-  4°^S3 
mogeneous,  and  equally  denfe ,  the  Gravities  are  inverfly  as  the  Squares 
of  the  Diameters,  becaufe  the  Diftances  from  the  Center  are  in 
the  Ratio  of  thofe  Diameters  *,  the  Gravities  alfo  are  diredly  as  *  4049. 
the  Cubes  of  their  Diameters  J ;  for  the  Quantities  of  Matter  in  J  4048. 
Spheres  are  in  that  Ratio  *  :  And  the  Ratio  compounded  of  that*  18,  EL 
dired  Ratio  of  the  Cubes  of  the  Diameters,  and  the  inverfe  Ratio  xii. 
of  the  Squares,  is  the  dired  Ratio  of  the  Diameters  themfelves. 

Therefore  if  both  the  Denfities  and  the  Diameters  differ,  theGra-  4086, 
vities  on  the  Surface  will  be  in  a  Ratio  compounded  of  the  Denfities  *  *  4084. 
and  the  Diameters  Therefore  dividing  the  Gravity  on  the  Sur-j  4085, 
face,  by  the  Diameter,  you  will  have  the  Denfity ;  which  confe- 
quently  is  in  a  direff  Ratio  of  the  Gravity  on  the  Surface,  and  an  In¬ 
verfe  Ratio  of  the  Diameter . 

If  a  Body  be  placed  in  a  Sphere  that  is  homogeneous,  hollow ,  and 
every  where  of  the  fame  Phicknefs,  where  foever  it  be  placed  it  has  no 
Gravity,  the  oppofite  Gravities  mutually  deftroying  one  another, 
as  we  fhall  fhew  in  the  next  Scholium : 

Whence  it  follows,  that  in  an  homogeneous  Sphere ,  a  Body,  comr- 
ing  towards  the  Center,  gravitates  towards  the  Center  only  from  the 
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Adtion  of  the  Sphere,  whofe  Semidiameter  is  the  Diftance  of  the 
Body  from  the  Center,  which  Gravity  decreafes  in  coming  towards 
the  Center^  in  the  Ratio  of  the  Diftance  from  the  Center  * ;  for  all 
Matter  which  is  at  a  greater  Diftance  from  the  Center,  forms  an 
hollow  Sphere,  in  which  the  feveral  Adtions  on  a  Body  deftroy 
each  other*. 

We  have  faid  that  the  Gravity  which  we  have  hitherto  ex¬ 
plained  is  to  be  taken  for  a  Law  of  Nature,  becaufe  we  don’t  know 
the  Caufe  of  it ;  and  becaufe  it  depends  upon  no  Caufe  that  is 
known  to  us,  which  will  evidently  appear,  if  we  attend  to  what 
follows. 

(Viz.)  That  Gravity  requires  the  Prefence  of  the  att rafting  Body ; 
fo  the  Satellites  of  Jupiter ,  ex.  gr.  gravitate  towards  Jupiter  where- 
foever  it  be  *. 

That  the  Diftance  remaining  the  fame ,  the  Celerity  with  which  Bo¬ 
dies  are  carried  by  Gravity ,  depends  upon  the  Quantity  of  Matter  in 
the  attrafting  Body  *  ;  And  that  the  Celerity  is  not  changed ,  let  the 
Mafs  of  the  gravitating  Body  be  what  it  will*. 

Belides  that,  if  Gravity  depends  upon  any  known  Law  of  Motion ,  it 
ought  to  be  rejerred  to  a  Stroke  from  an  extraneous  Body  $  and  becaufe 
Gravity  is  continual,  a  continual  Stroke  would  be  required. 

If  there  be  fuch  a  Sort  of  Matter  continually  ftriking  againft 
Bodies,  it  muft  of  Neceflity  be  fluid,  and  very  fubtile,  fo  as  to  pe¬ 
netrate  all  Bodies ;  for  Bodies,  that  are  any  how  fhut  up  in  others, 
are  heavy. 

Now  let  a  Mathematician  confider,  whether  a  Fluid  fo  fubtile, 
as  freely  to  penetrate  the  Pores  of  all  Bodies,  and  fo  rare,  as  not 
fenfibly  to  hinder  the  Motion  of  Bodies  (for  in  a  Place  void  of  Air 
the  Motion  of  a  Pendulum  will  be  continued  very  long)  can  impel 
vaft  Bodies  towards  one  another  with  fo  much  Force  ? 

Let  him  explain  how  this  Force  increafes  in  a  Ratio  of  the  Mafs 
of  the  body  towards  which  another  is  carried  *. 

Laftly  let  him  fhew,  what  feems  mod  difficult  to  me,  how  all 
Bodies,  in  any  Situation  whatfoever  (if  the  Diftance,  and  the  Body 
towards  which  the  Gravitation  is,  remain  the  fame)  are  carried 
with  the  fame  Velocity  *  ;  that  is  how  a  Liquid  which  can  only  adt 
on  the  Surfaces,  either  of  the  Bodies  themfelves,  or  their  internal 
Particles,  to  which  it  is  not  hindered  from  coming  by  the  Interpo¬ 
lation  of  other  Particles,  can  communicate  fuch  a  Quantity  of  Mo¬ 
tion  to  Bodies  which  in  all  Bodies  exadtly  follows  the  Proportion  of 
the  Quantity  of  Matter  in  them  $  and  which  in  this  Chapter  we 
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have  proved  to  obtain  every  where  in  Gravity,  and  which  we  have 
demonftrated  by  a  direct  Experiment  in  refpedt  of  the  Gravity  near 
the  Earth's  Surface  *. 

Yet  we  don't  fay,  that  Gravity  does  not  depend  upon  any  Stroke , 
but  that  it  does  not  follow  from  that  Stroke,  according  to  any  Laws 
known  to  us,  and  we  confefs  that  we  are  intirely  ignorant  of  the 
Caufe  of  Gravity. 
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Of  Gravity  towards  a  Sphere ,  whether  folid  or  hollow . 
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LE  T  us  fuppofe  the  Particle  of  Matter  A  to  be  attracted  by  an  hoi-  410 
low  Sphere  HPN,  which  is  homogeneous  and  every  where  of  the  Plate  ] 
fame  Thicknefs,  whofe  Center  is  C  *,  let  us  fuppofe  alfo,  that  all  the  Par-  Fig.  1 
tides  of  Matter  of  which  the  Sphere  confifts,  draw  the  Particle  A  accord¬ 
ing  to  the  Laws  of  Gravity  above  mentioned  *.  We  fhall  demonftrate,  *  404 
that  the  Attra&ion  is  the  fame,  whether  the  Sphere  be  greater  or  lefs,  404 
provided  it  contains  the  fame  Quantity  of  Matter,  and  has  the  fame 
Center. 

Let  C  be  that  Center,  as  we  have  faid*  HN  the  Diameter  of  the 
Sphere,  having  drawn  at  Pleafurethe  Lines  AP,  ap ,  containing  an  in¬ 
finitely  fmall  Angle,  we  conceive  that  they  have  a  Rotation  about  the 
Axis  AC,  and,  while  they  run  over  the  Surfaces  of  Cones,  that  they  deter¬ 
mine  in  the  Surface  of  the  Sphere  a  Ring,  whofe  Semidiameter  is  B  G , 
and  Breadth  B  b :  we  alfo  fuppofe  that  the  Thicknefs  is  inverfely  as  the 
Surface  of  the  Sphere  •,  that  is  inverfely  as  the  Square  of  the  Radius  B  C ; 
becaufe  we  fuppofe  that  having  changed  the  Sphere,  the  fame  Quantity 
of  Matter  remains  •,  fo  that  the  Thicknefs  is  increafed  as  the  Diameter  of 
the  Sphere  is  diminilhed. 

.  -  -  _  .  .  _.  .  .  B£xBG 

The  Quantity  of  Matter,  in  that  Ring,  is  then  as  — — .  The 
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Force  by  which  the  Ring  attra&s  to  itfelf  the  Particle  A  is  in  that  Ratio  *,  *  4043 

B^xBG 

and  inverfely  as  the  Square  of  the  Diftance  B  A  +  ;  wherefore  xBAz  ^  4°49 

would  exprefs  the  Force  of  the  Ring,  if  that  Force  was  not  oblique  ;  but 

by  Reafon  of  the  Obliquity  it  is  lefs  in  the  Ratio  of  AB  to  AG  *,  or  *  311. 

AC  to  AD,  having  drawn  CD  perpendicular  to  AP. 

For  the  redangular  Triangles  ACD,  ABG,  which  have  a  common 

Angle  at  A,  are  fimilar  *.  Therefore  we  may  exprefs  thus  the  Force  of  *  4  El. 

1  B^xBGxAD  4*04 

the  Ring  * 


AB2  xBCa  x  AC 
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drawing  the  Lines  A  Q,  Aq,  containing  a  fmall  Angle ;  and  having 
made  them  move  round,  as  we  faid  of  AP,  A p,  we  cut  off  a  Ring 
whofe  Radius  is  F  L,  and  it’s  Breadth  F /,  the  Thicknefs  inverfely  as  the 
Square  of  the  Semidiameter  FC  ;  and  the  whole  Force  with  which  the  Ring 
will  attract  the  Particle  A,  drawing  C  E  perpendicular  to  A  Q,  will  be  as 
F/xFLxAE,*.  . 

AFzxCFzx  AC  * 

Now  if  the  Arcs  BP,  FQ,  as  alfo  bp,  fq,  are  fimilar,  it  will  appear 
by  the  following  Demonftration  that  the  Forces  of  the  faid  Rings  are  equal. 

Becaufe  of  the  infinitely  fmall  Angle  PA/»,  the  Line  CD,  which  is  per¬ 
pendicular  to  B  P,  is  alfo  looked  upon  as  perpendicular  to  bp  ;  fo  alfo 
C  E,  oxCe,  is  looked  upon  as  perpendicular  to  fq  ;  and,  becaufe  in 
thofe  different  Circles  the  Chords  are  correfpondent  *,  therefore  the  Per¬ 
pendiculars  on  them  from  the  Center  are  proportional  ; 
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That  is,  CD,  C d 

By  Divifion  and  Altern.  CD,  CE 

We  have  befides  CD,  AC 

As  like  wife  AC,  C  E 


CE,  Ce. 

D  d,  E  e. 
BG,  AB*. 
AF,  FL. 


Whence  by  joining  theRatios  C  D,  C  E,  or  C  B,  C  F*  : :  BG  x  AF,  AB  x  FL. 
Therefore  CBx  ABxFL=CF xBGx  AF  i  whence 


ABxCB“"  AFxCF* 


and 


BG 


FL1 


ABzxCBz  AF2  x  CFZ 
We  fuppofe  the  little  Arches  bm ,  fn  defcribed  with  the  Center  A,  and 
we  have  four  fimilar  Triangles  D  C  B,  E  C  F,  mBb,  and  n  F/.  They 
are  all  rectangular,  and  the  greater  are  fimilar  becaufe  of  the  correfpon¬ 
dent  Chords  BP,  F  Q ;  for  the  fame  Caufe  the  Angles  mBb  and  n  F/ 
are  equal,  and  the  lefler  Triangles  are  fimilar  :  Likewife  each  fmaller  is 
fimilar  to  it’s  greater  ;  for,  becaufe  of  the  right  Angle  C  B  b,  the  Angles 
CBD,  bBm  taken  together  are  equal  to  a  right  one;  to  aright  one 
likewife  is  equal  the  Sum  of  the  Angles  CBD,  BCD  therefore  the 
Angles  bBm  and  BCD  are  equal. 

Thefe  Things  being  fuppofed,  the  Ratio  of  B  b  to  F/,  which  is  the 
fame  as  the  Ratio  of  bm  to  fn,  will  be  compounded  of  the  following. 


BG  xAF,  AB  xFL*; 


b  m,  T)d  :  :  AB,  AD 
D  d,  Ee  ::  CD,  CE 
E  f  n  11  A  E,  A.  F 

Therefore  bm,  fn  : :  B  b,  F f : :  x\B  x  BG  x  AF  x  AE,  AD  x  AB  x  FLx  AF : : 

BGxAE,  ADxFL  and 
B  b  x  A  D  x  F  L  =  F  /  x  B  G  x  A  E 
Now  if  we  multiply  this  ^Equation  by  the  foregoing  *,  the  firft  Mem¬ 
ber  by  the  firft  Member,  and  the  fecond  by  the  fecond,  and  divide  both 
the  Members  of  this  new  ^Equation  by  BG  x  FL  x  A  C,  we  fhall  have 
what  was  to  be  demonftrated,  namely 

BhBGxAD  F/x  FL  x  AE_ 

AB2  xBC2  x  AC  ‘  AF2x  CFZ  x  ACZ  ' 


It 
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It  is  plain  by  a  like  Demonftration,  that  two  oppofite  Rings,  whofe  4114. 
Breadths  are  P  />,  Qj?,  do  alio  equally  attrad  the  Particle  A  *  which 
might  be  demonftrated  another  Way  ;  for  Rings  made  at  the  fame  Time 
in  the  fame  Sphere,  as  B  P  p,  ad  alfo  equally  on  the  Particle  A. 

Having  drawn  many  Lines  as  AP,  or  rather  multiplying  their  Num-  4115. 
ber  infinitely,  a  whole  Sphere  H  P  N,  may  be  divided  into  Rings  by  the 
Revolution  of  thofe  Lines  *,  then  if  we  conceive  a  fecond  Sphere  to  be  di¬ 
vided  into  an  equal  Number  of  Rings  by  the  Revolution  of  luch  Lines  as 
AQj  which  every  one  cut  off  an  Arc  fimilar  to  that,  which  a  corre- 
fpondent  Line  cuts  off  in  a  greater  Sphere  •,  each  Ring  in  the  lead  Sphere 
will  ad  equally  with  it’s  Correfpondent  in  the  greater. 

Whence  it  follows,  that  the  whole  Adion  of  a  fmaller  Sphere  agrees  .4116. 
with  the  whole  Adion  of  a  greater  *  and  this  Adion  is  the  fame  how¬ 
ever  the  Sphere  be  diminifhed,  if  the  Quantity  of  Matter  remains  j  there¬ 
fore  the  Matter  a£ls  as  if  it  was  condenfed  into  the  Center.  41 1  f  * 

The  fame  Thing  will  happen,  if  the  Sphere  he  folid ,  and  of  the  fame 
Denfity  every  where ,  at  the  fame  Diftance  from  the  Center.  For  fuch  a 
Sphere  may  be  taken  for  a  Congeries  of  hollow  and  concentrick  Spheres, 
and  like  thofe  that  we  have  treated  of. 

The  Propofition  of  N°  4082  being  demonflrated,  we  pafs  on  to  the  4118. 
Demonftration  of  4088.  We  fuppofe  the  Particle  A  in  the  hollow  Sphere,  PI.  126. 
made  of  homogeneous  Matter,  and  every  where  of  the  fame  Thicknefs,  Fig.  4. 
to  be  fhut  up  and  put  into  a  Place. 

Let  us  fuppofe  two  oppofite  Pyramids  in  the  Vertex  B  Ah,  AF /. 

The  Triangles  A  B  h  and  A  F  /  are  fimilar  *,  and  AB  or  A  £,  is  to  A/  *  35  El.  3. 

or  A  F,  (for  we  fuppofe  that  the  Lines  B  F,  h  f  contain  an  Angle  infinitely  6  El.  6. 
fmall)  as  to  F /:  for  from  that  Similitude  of  the  Triangles  it  fol¬ 
lows  that  the  Pyramids  are  equally  inclined  to  their  Bafes,  and  therefore 
that  the  Bafes  are  fimilar,  and  to  one  another  in  a  duplicate  Ratio  of  the 
Lines  B  h>  F /*,  or  AB,  AF  ;  but  thefe  Bafes  are  alfo  as  the  Quanti-  *  20 El.  6. 

ties  of  Matter  in  them  ;  therefore  the  Particle  A  is  drawn  to  the  oppofite 
Parts  by  Adions,  which  are  diredly  in  a  duplicate  Ratio  of  the  Lines 
A  B,  AF*,  and  inverfely  in  the  fame  Ratio  ;  fo  that  the  oppofite  Forces  *  4048.4049. 
are  equal,  and  mutually  deftroy  one  another ;  therefore  as  the  whole  Sur¬ 
face  of  a  Sphere  may  be  divided  into  the  Bafes  of  oppofite  Pyramids, 
which  will  all  have  A  for  their  common  Vertex,  it  follows  that  all  the 
oppofite  Adions  of  a  Sphere  deftroy  one  another  mutually,  and  that  a 
Particle  of  Matter  may  be  at  reft  in  any  Part  of  fuch  a  Sphere. 
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Cy  the  Celejital  Matter  ;  where  a  Vacuum  is 

proved y 

?s  ztkii  ■  k  \  *  . 

HAVING  explained  the  Laws  whereby  the  whole  planetary 
Syftem  is  governed,  feveral  Things  mull  be  firfl  laid  down 
before  we  proceed  to  the  phylical  Explication  of  the  Syllem.  We 
mull  begin  by  faying  fomething  of  the  Celeftial  Matter,  that  is  of 
the  Medium  in  which  the  Bodies  that  make  up  the  Syllem  are 
moved,  which  would  be  done  in  few  Words,  if  all  Philofophers 
agreed  that  there  is  a  Vacuum. 

We  have  before  proved  that  a  Vacuum  is  poflible*;  now  we 
are  to  demonftrate  that  there  is  really  one. 

From  only  confidering  Motion  we  can  deduce  a  Vacuum ;  and  this  is 
a  very  common  and  ufual  Way  of  proving  it ;  to  fee  the  Force  of 
which  Argument,  we  mull  confider,  that  indeed  all  Motions  are 
not  impoffible  without  a  Vacuum,  but  moll  of  thofe  which  are  daily 
obferved ;  which  might  be  fully  evinced  by  a  longer  Difcuffion  $ 
But  it  feems  to  me  to  be  fo  evident  from  the  following  Confide- 
ration,  that  it  would  be  ufelefs  to  add  much  more. 

The  Figure  of  the  leaft  Particles  is  unchangeable ;  for  the  Particle, 
whofe  Figure  may  be  changed,  confifts  of  fmaller  Particles,  which 
are  moved  in  refpedt  to  each  other ;  and  therefore  if  it  has  a  change¬ 
able  Figure,  it  is  not  one  of  the  leall  Parts. 

But  if  the  Figure  of  thefe  Particles  be  unchangeable,  and  a  Body 
can  move  between  them  without  fuch  a  Separation  of  the  Particles 
as  to  leave  a  void  Space,  this  will  depend  on  the  Figure  of  the 
Particles,  and  the  Relation  which  they  have  to  one  another,  which 
a  Mathematician  will  not  deny.  Therefore,  if  keeping  Things  in 
this  State  (as  to  their  Figure  and  Relation)  the  Particles  are  increafed, 
even  in  that  Cafe  Bodies  may  be  moved  without  a  Vacuum. 

Now  fuppofing  the  fmallefl  Particles  increafed  to  the  Bignefs  oi 
a  Cubic  Foot,  whatever  be  their  Figure  and  Relation  with  the  other 
Parts,  which  we  fuppofe  increafed  in  the  fame  Proportion  as  the 
firll  y  let  any  one  confider,  whether  Bodies  of  any  Bignefs  can  be 
carried  between  thofe  Parts  in  right  Lines,  and  in  all  Sorts  of  Curves, 
and  yet  never  feparate  the  Particles  fo  as  to  leave  Vacuities  between 
them.  We 


Chap.  12.  of  Natural Philofophy.  331 

We  cannot  conceive  how  the  moft  fubtile  Parts  are  made,  and 
therefore  often  attribute  to  them  fuch  Properties  as  do  not  follow 
from  their  Figure ;  but  thefe  Errors  will  be  corre&ed,  by  imagining 
the  Particles  increafed. 

We  alfo  prove  a  Vacuum  by ^  an  Argument  taken  from  Rejijlance.  4124, 

We  have  faid  that  Matter  is  inactive  *  ;  fome  difpute  about  the  412  c. 
Word,  but  no  Man  denies  the  Thing ;  whence  it  follows  that  a  *  j  9. 
Body  cannot  move  through  a  Fluid,  without  undergoing  a  Refifl> 
ance  *,  and  confequently  Retardation -f*.  The  Refiftance  ariling  *  1885. 
from  the  Inertia  of  the  Matter  (which  Refinance  alone  is  here  con-  +  1953* 
fidered)  depends  upon  the  Quantity  of  Matter  to  be  removed  out 
of  it’s  Place,  which  is  the  fame  whether  the  Parts  of  a  Fluid  be 
greater  or  lefs,  if  the  Celerity  of  the  Body  remains  the  fame  : 

Whence  it  follows,  that  in  determining  what  relates  to  the  Re- 
liftance,  we  muft  have  no  Regard  to  the  Subtilty  of  the  Fluid,  as 
long  as  it  cannot  go  through  the  Pores  of  Bodies;  for  if  we 
come  to  fuch  a  Finenefs  of  Parts,  that  a  Fluid  (hall  partly  pene¬ 
trate  a  Body,  it  will  lefs  refill  the  Body. 

Now  let  us  fuppofe  any  Ball  or  fpheric  Body  to  be  moved  along  4x26 
in  a  Medium  of  the  fame  Denfity  as  itfelf,  and  fo  clofe,  that  the 
Parts  of  the  Medium  cannot  pafs  through  the  Pores  of  the  Body  ; 
this  Body  will  be  retarded  every  Moment,  fo  that  it’s  Velocity  at 
laft  will  be  reduced  to  half ;  as  may  be  proved  by  a  Mathematical 
Demonftration)  before  the  Body  has  gone  through  the  Length  of  it’s 
Diameter  and  the  half  of  it  *.  *  1 974- 

In  Order  to  apply  this  Propofition  to  a  Motion  in  a  very  fubtile  4127. 
Fluid,  which  freely  penetrates  the  Pores  of  all  Bodies,  and  fills  all 
Places,  we  muft  conceive  a  fpherical  Body  without  any  Pores  at 
all ;  and  that  fuch  a  Body  may  be  fuppofed  by  imagining  all  the 
Particles  of  Matter  clofely  joined,  no  Body  will  deny. 

That  the  Refiftance  of  fuch  a  Body  in  any  Fluid  does  not  de¬ 
pend  upon  the  Bignefs  of  the  Parts  of  the  Fluid,  and  is  the  fame 
whether  the  Parts  of  the  Fluid  be  'equal,  or  any  how  unequal,  is 

evident*.  *  4*25* 

If  every  Thing  be  full  of  Matter,  this  Body  can  only  move  through 
a  Fluid  of  the  fame  Denfity  as  itfelf ;  for  it  muft  run  againft  all  the 
Matter  which  is  in  thofe  Places  through  which  it  pafles,  and  in 
them  the  Matter  is  without  Interftices  as  it  is  in  the  Body ;  there¬ 
fore  it  will  lofe  half  it’s  Velocity,  before  it  has  run  through  the 
Length  of  it’s  Diameter  and  an  half. 
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Now  let  us  fuppofe  the  Body  to  be  increafed,  the  Quantity  of 
Matter  remaining  the  fame,  and  the  Body  continuing  homoge¬ 
neous  ;  that  is,  let  there  be  Pores  in  the  Body,  through  which  die 
mod  lubtile  Particles  of  Matter  may  pafs  very  freely ;  and  let  thefe 
Pores  be-  equally  difperfed  all  over  the  Body.  If  the  Body,  thus 
changed,  be  moved,  the  very  fubtile  Fluid,  of  which  we  fpeak, 
will  not  run  againft  the  whole  Surface,  but  only  thofe  Parts  of  the 
Surface  which  are  between  the  Pores,  which  Parts  being  taken 
together,  becaufe  we  fuppofe  the  Body  homogeneous,  are  equal 
to  the  Surface  of  the  Body  in  the  firft  Suppofition,  when  we  con¬ 
ceived  it  to  be  without  Pores ;  for  the  Body  being  increafed,  the 
Surface  has  not  been  changed  but  only  dilated  by  the  Interpolation 
of  Pores :  So  that  in  both  Cafes  the  Body  will  undergo  the  fame 
Refiftance  from  the  Impulfe  upon  the  Surface  and  the  Refiftance 
on  the  dilated  Body  is  greater  from  the  Fluid  running  againft  the 
internal  Parts  of  the  Body.  Wherefore  this  Body  will  fooner  lofe 
half  it’s  Motion  in  the  fecond,  than  in  the  firft  Cafe  5  that  is,  be¬ 
fore  it  has  run  through  the  Length  of  one  Diameter  and  an  half  of 
the  firft  fuppofed  Bignefs ;  and  therefore  it  lofes  a  greater  Quantity 
of  Motion,  in  going  through  one  and  an  half  Diameters  of  the  Big¬ 
nefs  fuppofed  in  the  fecond  Cafe. 

But  this  is  contrary  to  Experience ;  for  a  homogeneous  Ball  of 
Gold,  or  Lead,  &c.  is  much  lefs  retarded  than  what  we  have  men¬ 
tioned,  in  Water  or  Air  ;  whence  it  follows,  that  the  Suppofition, 
that  all  Things  are  full  of  Matter,  is  falfe.  Therefore  there  is  a 
Vacuum . 

P’hat  there  is  a  Vacuum  does  alfo  agree  with  the  Phenomena  re¬ 
lating  to  Gravity ;  by  which  it  follows  that  it  is  proportional  to  the 
Quantity  of  Matter.  If  all  was  full  of  Matter,  Gravity  would  a<ft 
equally  every  Way,  and  the  Forces  which  are  dire&ed  towards  op- 
pofite  Parts  would  deftroy  one  another  ;  and  therefore  no  fenfible 
Gravity  would  be  obferved  :  This  Confideration  confirms  that  there 
is  a  Vacuum,  and  illuftrates  the  Aflertion;  but  is  not  alone  fuffi- 
cient  to  prove  it. 

Thefe  Things  being  premifed,  we  muft  return  to  the  Celeftial 
Matter. 

The  Motions  of  the  heavenly  Bodies  do  not  depend  upon  the 
Motion  of  the  Celeftial  Matter  if  there  be  fuch  a  Matter  *  ;  where¬ 
by  is  overthrown  the  Opinion  of  thofe  which  Jay  that  the  heavenly  Bo¬ 
dies  are  carried  along  by  the  common  Motion  of  the  Matter  which  fills 
our  Syfiem . 


This 


This  Opinion  is  alfo  overthrown  by  the  Motion  of  the  Comets ; 
if  there  was  a  Medium  in  the  Syftem.  which  carried  about  the  Pla¬ 
nets  in  it’s  Motion,  and  alfo  the  Comets,  it  would  at  lead  fenlibly 
difturb  thefe  laft  in  their  Motions,  whilft  they  come  almoft  diredtly 
towards  the  Sun,  or  diredtly  recede  from  it,  or  are  carried  in  An¬ 
tecedentia  ;  that  is,  in  a  Motion  contrary  to  the  Motion  of  that  Mat¬ 
ter  :  Now  as  this  Motion  is  not  difturbed,  but  follows  the  Way 
which  depends  upon  Gravity,  as  it  is  cbferved,  it  is  plain,  that  if 
there  be  any  Celeftial  Matter,  and  that  is  in  Motion,  it  does  not 
exert  a  fenfible  Action  on  the  Bodies  of  the  planetary  Syftem, 
which  is  alfo  deduced  from  the  fmall  Refiftance  of  fuch  a  Medium ; 
for  by  comparing  the  moji  ancient  Obfervations  with  the  jnodern ,  it 
does  not  appear  that  the  Planets  are  fenjibly  retarded  in  their  Motions. 
Yet  in  Air  the  Refiftance  is  fenfible  ;  wherefore  the  Denfity  of  the 
Medium  in  which  the  Planets  fhould  move,  muft  be  almoft  im- 
menfly  lefs ;  Therefore  the  planetary  Sy/lem  is  not filled ,  unlefs  it  be 
by  fuch  a  very  fubtile  Medium . 

But  we  may  from  the  Divifibility  of  Matter  deduce,  that  a  Quan¬ 
tity  of  Matter,  how  fmall  foever  it  be,  may  be  difperfed  all  over 
the  planetary  Syftem,  leaving  but  very  fmall  Interfaces  *. 
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CHAP.  XIII. 

Concerning  the  Motion  of  the  Earth. 

BESIDES  the  Queftion  that  has  been  handled  in  the  fore-  4x35, 
going  Chapter,  there  is  alfo  another  to  be  examined,  before 
we  proceed  to  the  Explication  of  the  whole  Syftem. 

That  no  Doubt  may  be  made  concerning  the  Syftem,  which 
has  been  explained  in  the  firft  Chapter  of  this  Book,  we  muft  here 
prove  the  Motion  of  the  Earth  concerning  which  it  is  no  Wonder 
that  many  have  doubted ;  for  the  Celeftial  Motions  cannot  be  de¬ 
termined  by  us  but  by  Obfervations  made  by  Obfervers  on  the  Earth ; 
and  the  lame  Phaenomena  appear  whether  the  Bodies  themfelves  be 
moved,  or  the  Spedfator  be  moved  * ;  fo  that  it  is  not  to  be  proved  *  3776; 
by  immediate  Obfervations,  whether  the  Motion  of  the  Earth  is  to 
be  referred  to  the  heavenly  Bodies  or  not. 

That  the  Earth  is  carried  about  the  Sun,  is  deduced  from  the  Analogy  4 1 3  6. 
of  the  Motions,  and  from  «^Examen  0/  the  Laws  oj  Nature, 
i 
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As  to  what  relates  to  the  Analogy  of  the  Motions,  it  is  to  be 
obferved,  that  Satellites  revolve  about  Jupiter  and  Saturn ,  which 
are  lefs  than  the  central  Body ;  that  the  Moon  revolves  abou  t  the 
Earth,  than  which  it  is  lefs ;  lajily ,  That  the  Sun  has  revolving 
about  it  lefs  Bodies  than  itfelf,  as  Mercury ,  Venus,  Mars ,  Jupiter ,  and 
Saturn  :  Now  if  the  Earth  revolves  with  the  reft,  then  every  where 
in  our  Syjlem  the  lefier  Bodies  move  about  the  greater ;  now  there 
would  be  an  Exception  in  the  Rule  in  refpebl  of  the  Sun ,  if  that  vaft 
Body  was  to  go  round  fo  final 7  a  Body  as  the  Earth  *. 

About  the  Sun,  Jupiter  and  Saturn ,  about  which  feveral  Bodies 
revolve,  thole  move  the  ftoweft  which  are  mojl  dijlant  from  the  cen¬ 
tral  Body ,  and  according  to  this  Rule,  that  the  Squares  of  the  perio¬ 
dical  Times  follow  the  Ratio  of  the  Cubes  of  the  Diftances*; 
which  Rule  may  be  applied  to  the  Earth,  if  it  be  carried  about  the 
Sun  with  the  reft  of  the  Planets,  as  appears,  if  it’s  periodical  Time, 
(namely  the  Time  in  which  the  Sun  appears  to  perform  an  intire 
Revolution)  and  it’s  Diftance  from  the  Sun  be  compared  with  the 
Diftances  and  periodical  Times  of  the  reft  of  the  Planets. 

Now  the  Rule  has  only  one  Exception  if  the  Sun  be  moved  about , 
and  the  Earth  is  at  reft . 

In  this  Cafe  Mercury ,  Venus ,  Mars ,  Jupiter ,  and  Saturn ,  are 
fubjed  to  this  Rule  in  their  Motions,  as  alio  the  five  Satellites  of 
Saturn  and  the  four  Planets  that  accompany  Jupiter*,  only  the  Moon 
and  the  Sun  would  move  the  Earth  in  a  Proportion  quite  different; 
and  then  the  Celerity  of  the  Sun  would  not  only  be  greater  than  is 
required  by  this  Law,  but  it’s  Velocity  would  at  leaft  be  fix  and 
twenty  Times  greater  than  that  of  the  Moon,  though  it  be  re¬ 
moved  to  a  vaft  Diftance  from  the  Earth,  in  refped  to  the  Moon’s 
Diftance  :  And  therefore  in  this  refped,  the  Analogy  of  the  Ce- 
leftial  Motions  would  be  difturbed. 

To  thefe  Arguments  I  fhall  add  others,  whereby  it  will  clearly 
appear,  that  the  Motion  of  the  Earth  is  a  neceffary  Confequence 
of  the  Laws  of  Nature,  which  are  deduced  from  Phenomena. 

All  Bodies  gravitate  towards  one  another  *,  therefore  the  Sun  and 
Earth  do  ;  but  the  Motion,  whereby  thefe  Bodies  tend  towards  one 
another,  is  deduced  from  dired  Obfervations.  Whichfoever  of  thefe 
Bodies  moves  about  the  other,  defcribes  Areas  by  Lines  drawn  to 
the  Center  of  it  proportional  to  the  Times  which  is  evident  from 
Aftronomical  Obfervations ;  therefore  the  Body  moved  is  retained 
in  a  Curve  by  a  Force,  which  is  direded  towards  the  Center  of  the 
other  Now  as  Reaction  is  always  equal  to  Adion  -f*,  unlefs  the 
;  h  i  Laws 
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Laws  of  Nature,  which  obtain  con flantly  every  where,  be  wholly  over¬ 
turned,  thefe  two  Bodies  tend  towards  one  another  with  Celerities 
that  are  inverlly  as  their  Maffes  *. 

The  Quantity  of  Matter  in  the  Earth  is  next  to  nothing,  in  Com- 
parifon  to  the  Quantity  of  Matter  in  the  Sun,  as  we  fhall  fhew  in 
the  following  Chapter  ;  wherefore  the  Sun  mujl  move  very  Jlowly 
whilfl  the  Earth  conies  towards  it  very  fwiftly. 

Whence  it  follows,  that  the  Earth  is  carried  about  the  Sun,  left  it 
ftiould  fall  upon  the  Sun  by  that  very  violent  Motion  whereby  it 
is  retained  in  it’s  Orbit  *.  * 

This  Motion  of  the  Earth  is  alfo  deduced  from  the  fame  Prin¬ 
ciples  another  Way. 

Two  Bodies  that  are  carried  towards  one  another  by  any  Force* 
will  at  laft  concur,  or  continually  recede  from  one  another,  unlefs 
each  of  them  be  fo  moved,  as  to  have  a  centrifugal  Force  equal  to 
the  Force  whereby  it  is  carried  towards  the  other  Body  3  but  as  the 
Bodies  which  gravitate  towards  one  another,  tend  towards  each 
other  with  equal  Preflions  *,  thefe  Bodies  cannot  per fever  e  in  their*  361. 
Motions  about  one  another,  unlefs  both  of  them  be  fo  moved  as  to  4145- 
have  equal  centrifugal  Forces,  which  does  not  happen,  unlefs  they 
both  revolve  in  equal  Times  about  their  common  Center  of  Gra¬ 
vity  ;  that  is,  if  this  Propofition  be  applied  to  the  Sun  and  Earth , 
unlefs  they  both  move  about  a  Point,  whofe  Di/lance  from  the  Center  of 
the  Sun  is  to  it's  Difance  from  the  Center  of  the  Earth ,  as  the  Quan¬ 
tity  of  Matter  in  the  Earth  is  to  the  Quantity  of  Matter  in  the  Sun, 
they  cannot  per  fever  e  in  their  Motions  about  one  another  *.  This  Ppint  *  61 1.  61.$, 
or  Center  of  Gravity  muft  of  Confequence  be  very  near  to  the 
Sun’s  Center.  Now  fince  whichfoever  of  thefe  Bodies  moves,  it 
perfeveres  in  it’s  Motion  about  the  other,  it  follows,  that  both  of 
them  are  affedted  by  the  Motions  abovemention ed  ;  and  that  the 
Sun  is  moved  but  a  little  whilft  the  Earth  defcribes  a  very  great 
Orbit.  Whence  it  follows,  that  the  Motion  of  the  Earth  cannot  be 
denied  by  any  one,  who  reafons  from  the  Laws  of  Motion  that  are 
deduced  from  Phaenomena. 

Having  proved  the  annual  Motion  of  the  Earth,  and  brought  4I4^<- 
back  the  Earth  amongft  the  Planets,  there  remains  but  little  Dif¬ 
ficulty  in  Relation  to  the  Motion  of  it  about  if  s  Axis',  for  no  Body,  4*47’ 
that  believes  the  annual  Motion,  doubts  of  this  >  a  great  many, 
which  allow  of  the  Motions  about  the  Axis,  deny  the  annual  Mo¬ 
tion  \  therefore  it  will  be  enough  to  obferve  by  the  by,  that  all  the 
•Planets*  concerning  which  any  Qbfervations  could  be  made  in  re- 
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fpedt  of  this  Motion,  do  move  about  their  Axes  ;  and  that  the 
Earth  has  fucha  Motion,  the  uniform  diurnal  Motion  in  Bodies ,  at 
any  Difances ,  does  plainly  enough  Jhew. 

To  which  we  muft  add,  that  the  Celerity  of  the  fixed  Stars  go¬ 
ing  through  one  Revolution  in  lefs  than  24  Hours,  can  hardly  be 
more  probable  than  it  is  conceivable.  .  ;  . 

This  Motion  is  alfo  difagreeable  to  the  Nature  of  all  the  heavenly 
Bodies ;  for,  if  they  are  carried  roundy  they  muft  every  Day,  with 
an  equable  Motion,  defcribe  Circles  that  have  the  Earth  for  their 
Center  ;  that  is  they  muft,  by  Lines  drawn  to  the  Center  of  the 
Earth,  fweep  through  Area’s  proportionable  to  the  Times,  and  be 
retained  in  their  Orbits  by  Forces  which  are  directed  towards  the 
Center  of  the  Earth  *,  and  by  which  (by  reafon  that  Adtion  and 
Reaction  J  are  equal)  the  Earth  muft  alfo  be  continually  attracted 
towards  thofe  Bodies ,  fo  that  it  muft  neceJJ'arily  be  agitated  by  a  very 
violent  Motion  ;  whence  it  appears  that  the  diurnal  Motion  muft  not 
be  referred  to  the  heavenly  Bodies,  but  to  the  Rotation  of  the  Earth 
about  it’s  Axis. 

Thofe,  that  obftinately  affirm  that  the  Earth  is  at  Reft,  objedl 
that  Bodies,  upon  the  Surface  of  the  Earth,  muft  (on  account  of 
their  centrifugal  Force)  recede  from  the  Earth  along  a  Tangent  to 
a  Circle  parallel  to  the  ^Equator  *.  We  anfwer,  that  the  Bodies 
in  the  Places,  where  they  are,  are  carried  round  with  the  fame 
Motion  as  the  Surface  of  the  Earth  ;  and  therefore,  that,  in  refpedt 
of  the  Points  of  the  Surface,  they  endeavour  to  recede  in  Lines  per¬ 
pendicular  to  the  Axis  *  ;  but  alfo  that  Bodies  by  Gravity  tend  to 
the  Center  of  the  Earth  -f  ;  and  therefore  by  a  Motion  compounded 
of  both  thefe,  the  Body  is  continually  moved,  or  endeavours  to 
move  *,  but  becaufe  the  firft  Motion  is  extremely  fmall  in 
refpedt  of  the  other,  a  heavy  Body  is  turned  but  very  little  out 
of  it’s  Direction  towards  the  Center,  and  the  Gravity  is  a  little 
diminifhed,  fo  much  the  more  as  the  Place  is  more  diftant  from 
the  Pole;  which  agrees  with  Experience.  We  fhall  hereafter 
fhew,  when  we  come  to  fpeak  of  the  Figure  of  the  Earth,  that 
the  abovementioned  Direction  of  heavy  Bodies  is  every  where 
diredted  perpendicularly  to  the  Surface  of  the  Earth  ;  which  is  not 
exactly  fpherical. 

A  Body  which  is  thrown  upwards,  is  adted  upon,  not  only  by 
the  Motion  wherewith  it  is  thrown  up ;  but  it  is  alfo  carried  by  the 
Motion  that  is  imprefifed  to  the  Perfon  or  Machine  that  impels  the 

Body ;  that  is,  it  is  carried  by  the  Motion  which  is  common  with 

'•*'  the 
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the  Surface  of  the  Earth  $  and  therefore  the  Body  moves  in  the 
fame  Line  (the  Line  being  carried  on  with  the  Surface  of  the  Earth) 
as  it  would  do  if  the  Earth  was  at  reft. 
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CHAP.  XIV. 

Concerning  the  Denfity  of  the  Planets. 

)  • 

BEFORE  we  proceed  to  the  phyfical  Explanation  of  the 
Syftem,  we  muft  determine  the  Quantities  of  Matter  in  fome 
Bodies,  and  their  Denfities ;  which  being  known,  the  Effects  of  the 
Laws,  by  which  thefe  Bodies  are  governed,  will  more  eafily  ap¬ 
pear. 

The  Quantities  of  Matter,  in  different  Bodies,  are  to  one  an¬ 
other,  as  the  Gravities  at  the  fame  Diftance  from  thefe  Bodies  * ;  * 
which  Gravities  are  to  one  another  inverfly  as  the  Squares  of  the 
periodical  Times  of  the  Bodies  revolving  about  thofe  different  Bo¬ 
dies  at  the  fame  Diftance  *.  By  multiplying  the  Quantities  which  * 
are  in  this  Ratio,  by  the  fame  Quantity,  ( viz.)  by  the  Cube  of  this 
Diftance,  the  Ratio  of  thefe  Quantities  will  not  be  changed  *,  which 
are  therefore  to  one  another  as  the  Quotients  of  the  Divifions  of 
the  abovementioned  Cube,  by  the  Squares  of  the  periodical  Times 
aforefaid  :  But  the  Quotient  of  luch  a  Divilion  is  found  for  any 
Body,  by  dividing  the  Cube  of  the  other  Diftance,  let  it  be  what 
it  will,  by  the  Square  of  the  periodical  Time  of  the  Body  revolv¬ 
ing  at  that  Diftance ;  for  fuch  Quotients  are  equal  to  one  another, 
for  all  Bodies  that  revolve  about  the  fame  Body  at  any  Diftances ; 
as  follows  from  the  Equality  of  the  Ratio  between  the  Cubes  of  the 
Diftances,  and  the  Squares  of  the  periodical  Times  at  thofe  Diftances*.  * 
From  wrhich  we  deduce,  that  the  Quantities  of  Matter ,  in  any  Bodies 
in  onr  Syjiem,  are  to  one  another  dircftly  as  the  Cubes  of  the  Diftances 
at  which  other  Bodies  revolve  about  thefe ,  and  inverfy  as  the  Squares  of 
the  periodical  Times  of  thefe  revolving  Bodies . 

Thefe  Things  are  demonftrated  by  fetting  afide  the  Agitation 
of  the  central  Body,  whofe  Quantity  of  Matter  is  fought 

By  reafon  of  the  Sun’s  Magnitude,  in  Refpedl  of  Venus *  (for  ex^)  * 
which  alone  we  confider  of  the  Planets,  the  Sun  is  fcarce  moved 
by  the  A&ion  of  that  Planet  *.  And  Venus  may  be  confidered  as  * 
moving  about  a  quiefcent  Body. 
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The  Satellites  oi  Jupiter  and  Saturn  are  indeed  carried  by  the 
common  Motion  along  with  the  primary  Planets,  but  by  reafon  of 
the  Magnitude  of  the  primary  Planets,  they  are  carried  about  them 
as  about  Bodies  that  are  at  Reft. 

But  the  Moon  adls  .fenlibly  enough  upon  the  Earth  and  moves 
it ;  wherefore  before  we  can  compute  the  Motion  of  the  Moon  by 
the  Help  of  the  aforefaid  Rule  *,  in  order  to  compare  the  Quan¬ 
tity  of  Matter  in  the  Earth,  with  the  Quantity  of  Matter  in  the 
Sun,  Jupiter  and  Saturn ,  we  muft  determine  the  Dijlance  at  which 
the  Moon  would  move  about  the  Earth ,  if  it  was  at  Reft,  (that  is, 
not  carried  about  by  the  ABion  of  the  Moon  J  in  the  fame  periodical 
Time  in  which  it  now  performs  if  s  Revolution .  Here  alfo  we  don’t 
take  Notice  of  the  Motion  that  is  common  to  the  Earth  and  Moon, 
by  which  they  are  both  carried  about  the  Sun. 

The  Moon  perfeveres  in  it’s  Motion  about  the  Earth ;  there¬ 
fore  the  Earth  and  Moon  are  moved  about  a  common  Center  of 
Gravity  ;  as  follows  from  what  has  been  demonftrated  concerning 
the  Earth  and  the  Sun  *,  and  the  Moon  (with  that  Force  with 
which  it  tends  towards  the  Earth)  revolves  in  an  Orbit  whofe  Se- 
midiameter  is  the  Diftance  of  the  Moon  from  the  aforefaid  common 
Center  of  Gravity  of  the  Moon  and  the  Earth. 

If  the  Earth  was  at  Reft,  and  the  Moon  continued  at  it’s  Di¬ 
ftance  from  it,  the  Moon  would  move  in  a  greater  Orbit,  and  it’s 
periodical  Time  would  be  greater;  but  the  Moon  being  brought 
fo  much  nearer  as  to  have  it’s  Center  at  fixty  Semi  diameter s^Diftance 
from  the  Earth,  the  periodical  Time  would  be  the  fame  as  the  Time 
of  the  Revolution  about  the  abovementioned  Center  of  Gravity,  as 
we  fhall  demonftrate  in  the  next  Scholium. 

Thefe  Things  being  premifed,  we  proceed  to  the  Computation. 

The  Diftance  of  Venus  from  the  Center  of  the  Sun  is  723,  and 
it’s  periodical  Time  is  19414160"*. 

The  fourth  Satellite  of  Jupiter  is  diftant  from  the  Center  of  Ju¬ 
piter,  12,4775.  fuch  Parts  of  which  Venus  is  diftant  from  the  Sun 
723.  The  periodical  Time  of  this  Satellite  is  1441929"  *. 

The  fourth  Satellite  of  Saturn  is  diftant  from  the  Center  of 
Saturn  8,5107  of  the  fame  Parts,  and  it’s  periodical  Time  is 
1 377674"  *. 

Laftly,  the  Diftance  of  the  Moon  is  60  Semidiameters  of  the 
Earth  from  it’s  Center,  and  3,054  of  the  aforefaid  Parts.  It’s 
mean  periodical  Time  is  2360580" 


If 
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If  you  divide  the  Cubes  of  thefe  Diftances  refpe&ively  by  the 
Squares  of  their  periodical  Times,  you  will  have  in  the  Quotients, 
Numbers  which  are  to  one  another  as  the  Quantities  of  Matter  in 
the  aforefaid  Central  Bodies  * ;  which  Quotients  are  to  one  another  * 
as  the  following  Numbers :  except  the  Earth  concerning  which 
we  muft  have  a  Correction  \  becaufe,  as  we  have  already  obferved  % 
the  Gravity  of  the  Moon  towards  the  Earth,  is  by  the  Sun’s  Action 
diminifhed  ttVVt  ;  therefore  the  Quantity  of  Matter  difcovered 
was  to  be  increafed  in  the  Ratio  of  17966  to  18066,  which  we 
have  done. 


Quantities  $  In  the  Sun .  In  Jupiter.  In  Saturn.  In  the  Earih.  In  the  Moon. 
of  Matter.  \  10000.  9,305.  3,250.  0,0512.  0,0013. 

We  have  alfo  the  Proportion  of  the  Diameters  of  thefe  Bodies 
from  Aftronomical  Obfervations,  as  follows. 

Diameters  ^  ^un‘  JuP^er-  Of  Saturn .  Of  the  Earth. 

.  ia  \  10000.  997.  791.  109. 

If  the  Quantities  of  Matter  abovefaid  be  divided  by  the  Squares 

of  the  Diameters,  the  Quotients  will  be  to  one  another  as  the 

Weights  on  the  Surfaces  of  the  aforefaid  Bodies  *  ;  and  thefe  Quo-  * 

tients  are  as  the  following  Numbers. 

Gravities  on  $  Of  the  Sun.  Of  Jupiter.  Of  Saturn.  Of  the  Earth.  Of  the  Moon. 
the  Surfaces.  £  1000,  936.  5l9 •  43 146- 

If  you  divide  thefe  Numbers  by  the  Diameters,  you  will  have 
the  Proportion  of  the  Denfities  of  thofe  Bodies  *.  * 

The  Quotients,  found  by  thefe  Divifions,  are  as  the  following 
Numbers. 


C  Of  the  Sun.  Of  Jupiter.  Of  Saturn.  Of  the  Earth.  Of  the  Moon. 
Denlities.  |  ioooo..  9385.  6567.  39539-  489H. 

We  fhall  determine  what  relates  to  the  Moon  in  the  laft  Chap¬ 
ter,  but  we  have  added  what  we  have  done  here,  the  better  to 
compare  it  with  the  reft. 

It  is  not  probable  that  the  aforefaid  Bodies  are  homogeneous, 
from  whence  it  follows,  that  the  Denfities  cannot  be  exactly  de¬ 
termined,  wherefore  we  only  determine  the  mean  Denfities,  that  is, 
which  the  Bodies  would  have  if  the  fame  Bodies  keeping  the  fame  Quan¬ 
tity  of  Matter  and  Bulk  which  they  now  have ,  fhould  become  homo¬ 
geneous. 

The  abovementioned  Proportion  *  between  the  Denfities  in  refpeli  of 
all  the  Bodies ,  and  the  refi  of  the  Computations  in  refpedi  of  the  Sun,  Ju-  * 
piter,  and  Saturn,  are  free  from  any  fenfible  Error ;  when  they  are 
compared  with  the  Earth,  there  may  be  fome  Error ,  which  muft  be 
corrected  by  Obfervations  to  be  made  hereafter,  by  which  the  Di- 
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ftance  of  the  Earth  from  the  Sun  will  be  more  accurately  de¬ 
termined. 

Suppofe  the  Diftance  of  the  Moon  (which  is  60  Semidiameters 
of  the  Earth)  to  be  3, 054  fuch  Parts,  of  which  Venus  is  diftant 
from  the  Sun  723  *,  that  is,  of  which  the  Earth  is  diftant  from 
the  Sun  1000  •f*;  which  Diftance  of  the  Moon  is  difcovered  by 
fuppoiing  the  Horizontal  Parallax  of  the  Sun  10",  30'",  which 
cannot  be  looked  upon  as  abfolutely  true,  although  it  be  deduced 
from  the  moft  exadt  Obfervations  that  have  hitherto  been  made,  of 
the  Parallax  of  Mars ,  when  it  is  neareft  of  all  to  the  Earth,  which 
is  too  fmall  to  leave  us  without  Sufpicion  of  fome  Miftake  *. 

But  the  Error  in  not  determining  truly  the  Proportion  between 
the  Semidiameter  of  the  Earth  and  the  Diftance  from  the  Sun,  does 
not  change  the  determined  Denfity  of  the  Earth,  as  is  deduced 
from  Computations  made  about  it  *. 

For  it  follows  from  thefe,  that  the  Denfities  of  Bodies  are  to 
one  another  in  a  Ratio  compounded  of  the  diredt  Ratio  of  the 
Cubes  of  the  Diftances  of  the  Bodies  carried  about,  and  the  inverfe 
Ratio  of  the  Squares  of  the  periodical  Times  of  thefe  revolving 
Bodies*;  as  alfo  of  the  inverfe  Ratio  of  the  Cubes  of  the  Diameters 
of  the  central  Bodies  whofe  Denfities  are  required  •f  ;  the  Ratio 
compounded  of  thefe  is  compounded  of  the  dire<ft  Ratio  of  a 
Fraction  whofe  Numerator  is  the  Cube  of  the  Diftance  of  the  re¬ 
volving  Body,  and  whofe  Denominator  is  the  Cube  of  the  Dia¬ 
meter  of  the  central  Body,  and  the  inverfe  Ratio  of  the  Square  of 
the  periodical  Time  of  the  Body  carried  about. 

4176.  But  you  have  fuch  a  Fraction,  if  you  know  the  Ratio  between 
the  Diameter  of  the  central  Body  and  the  Diftance  of  the  revolving 
Body  from  that  Center,  although  this  Diftance  can  be  compared 
with  no  other ;  but  this  Ratio  is  given  in  refpedt  of  the  Earth  and 
Moon,  as  well  as  in  refpedt  of  the  other  Bodies ;  wherefore  alfo  the 
Ratio  of  the  Denfity  of  the  Earth  to  the  Denfities  of  the  other 
Bodies  is  exadtly  difcovered.. 
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SCHOLIUM. 

Of  the  Dijlance  of  the  Moon ,  fuppofng  the  Earth  immoveable , 

WE  fuppofe  the  Things  which  are  explained  in  N°4*57  >  Et  l  be 
the  Diftance  of  the  Moon  from  the  common  Center  of  Gravity 
of  the  Moon  and  Earth  *  t  the  Diftance  of  the  Earth  from  the  faid  Center. 

Therefore 
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Therefore  /+/  is  the  Diftance  of  the  Moon  from  the  Earth,  that  is  60,5 
Semidiameters  of  the  Earth  ;  for  we  confider  the  mean  Diftance. 

We  muft  determine,  if  the  Earth  flood  ftill,  that  is  was  immoveable 
in  it’s  Place,  at  what  Diftance  the  Moon  muft  be  removed,  to  perform 
it’s  Revolution  about  the  Earth  thus  at  reft,  in  a  Time  equal  to  that  in 
which  it  does  now,  together  with  the  Earth,  perform  it’s  Revolution 
about  the  common  Center  of  Gravity  *.  *  4106» 

Let  the  Diftance  fought  be  x  •,  and  we  fhall  have  this  Proportion,  4178. 

l^  X  !  *  X  ,  /  t  . 

For  the  Forces,  by  which  the  Moon  is  drawn,  when  the  Diftances  from 

- z 

the  Earth  are  /+/  and  *,  are  to  one  another  as  to  l+t  * -9  and  thefe  *  4049. 
Forces  are  as  the  Diftances,  at  which  the  Bodies,  which  are  retained  by 
thofe  Forces,  would  perform  their  Revolutions  in  equal  Times  *  :  and  *  607 
thofe  Diftances  are  as  l  and  x. 


Therefore  xl  =  l+-t  x.b9  and  x 3  x  l+t  ==  l-\-t  xL. 

Whence  we  deduce  /+  U  l  •  :  /  +  r  V 
And  *\Jl+ty  \/l  :  :  l+t,  x. 

But  l+t  is  to  /,  as  the  Quantity  of  Matter  in  the  Moon  and  Earth 
together,  is  to  the  Quantity  of  Matter  in  the  Earth  alone  ;  which  Quan¬ 
tities,  as  we  fhall  fee  in  what  follows,  are  to  one  another  as  40,31,  and 
39,31  ;  the  Cube  Roots  of  which  Numbers,  are  60,5  =  to  60  ;  to 
which  therefore  x  is  equal,  as  we  faid  in  N°  41 57. 


CHAP.  XV. 

7^  phyjical  Rxplanation  of  the  whole  planetary  Syjlem . 

IN  the  firft  Part  of  this  Book  we  have  fhewn,  what  are  the  4179* 
Motions  of  the  Bodies  in  the  planetary  Syftem ;  now  we  muft 
explain  how  thefe  Motions  follow  from  the  Laws  of  Nature  *  $*  35 s-  357* 
that  is,  how  thefe  Bodies,  being  once  put  in  Motion,  perfevere  in 
thofe  Motions  which  we  obferve. 

Let  us  conceive  the  Sun  and  Mercury  to  be  left  to  themfelves,.  4180». 
and  they  will  come  together  * ;  but  if  they  be  projected,  they  may  *  4047- 
revolve  about  a  common  Center  of  Gravity  in  equal  Times,  and 
defcribe  immoveable  Elliptic  Lines  *,  and  perfevere  in  that  Motion;  *  4145. 626. 
for  it  is  plain,  by  mathematical  Demonftration  in  that  Cafe,  that 
the  Bodies  will  defcribe  Ellipfes  about  the  common  Center  of  Gra¬ 
vity,  fimilar  to  that  which  the  one  of  them  could  defcribe  with 
the  fame  Forces  about  the  other  if  it  was  at  Reft This  Center,. 
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*  3748.  on  Account  of  the  Sun’s  Magnitude  *,  is  very  little  diftant  from 

the  Center  of  the  Sun  itfelf. 

^j8i#  Let  us  conceive  befides  Venus  to  be  projected  at  a  greater  Di- 
ftance  from  the  Sun,  it  will  a  little  difturb  the  Motion  of  Mercury , 
which  alfo,  by  it’s  Action  upon  Venus ,  will  turn  it  a  little  out  of  the 
Way,  and  both  will  draw  the  Sun,  fometimes  the  fame  Way  and 
fometimes  different  Ways ;  but  they  never  come  towards  one  an- 

*  3727.3728.  other  *  fo  as  to  have  their  mutual  Action  fenfible  in  refpedt  of  the 

Adtion  by  which  the  Sun  draws  thofe  Bodies ;  wherefore  all  thefe 
Irregularities  are  infen iible,  as  we  fhall  lhew  more  diftindtly.  Whence 
we  conclude  that  thefe  three  Bodies  tend  towards  a  Point  that  is  be¬ 
tween  them  near  the  Sun,  which  therefore  is  very  little  diftant  from 
the  common  Center  of  Gravity  of  them  all. 

4182.  If  the  Earth,  Mars ,  and  the  other  Planets  be  fucceflively  pro¬ 
jected  at  different  Diftances  from  the  Sun,  the  fame  Reafoning 

4183.  will  hold  good;  Whence  it  follows,  that  all  the  Planets  are  re¬ 
volved  about  the  common  Center  of  Gravity  of  all  the  Bodies  which 
compofe  the  Syftem ,  which  is  but  little  diftant  from  the  Sun,  and 
that  the  Planets  do  not  fenfibly  difturb  one  another  in  their  Mo- 

41 84.  tions;  wherefore  they  all  defer ibe  the  fame  Line  fingly,  which  they 
would  deferibe  about  the  Sun,  if  every  one  of  them  was  alone  with  the 
Sun  in  the  planetary  Syftem ,  that  is,  immoveable  Ellipfes :  For  it 

*  4049. 62  6.  is  plain,  that  thofe  will  be  deferibed  by  the  Force  of  Gravity  *  $  and 

it  is  proved  by  mathematical  Demonftration,  that  no  other  immove¬ 
able  excentric  Lines  can  be  deferibed  by  a  central  Force  adting 

*  637.  equally  at  equal  Diftances*. 

It  will  alfo  more  plainly  appear,  that  all  the  Planets  tend  to  a 

Point  near  the  Sun,  if  we  confider  that  the  Quantity  of  Matter  in 
the  Sun  is  a  thoufand  times,  and  more,  greater  than  the  Quantity 

*4163.  of  Matter  in  Jupiter ,  which  is  far  the  greateft  of  all  the  Planets  *. 

4186.  When  all  the  Planets  move,  though  they  move  the  Sun  but  little, 
yet  they  do  move  it,  and  draw  it  differently  according  to  their 
different  Situation  in  refpedt  of  one  another,  whence  there  arifes  a 
fmall  Motion  in  the  Sun,  which  always  depends  upon  the  Motion 
already  acquired,  and  the  Change  which  happens  in  it  from  the 
Adtion  abovementioned,  which  varies  every  Moment. 

4187.  It  is  owing  to  this  Agitation  of  the  Sun,  that  the  Planets  difturb  one 
another  kfs  in  their  elliptic  Motions  round  the  Sun,  than  ij  the  Sun 
was  at  Reft  i?i  the  Middle  of  the  Syftem .  If  Jupiter  (ex.  gr.)  was 
equally  diftant  from  Mercury  and  the  Sun,  it  would  attradt  both 

*  4092.  thefe  Bodies  to  itfelf  with  an  equal  Celerity  *,  whence  the  Situation, 
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in  refpeCt  of  the  Sun,  is  lefs  changed  than  if  the  Sun  was  not  agitated 
by  this  Motion,  and  Mercury  only  was  attracted  by  Jupiter :  Ac¬ 
cording  to  the  various  Diftances  of  Mercury  and  the  Sun  from  Ju¬ 
piter ,  the  one  or  the  other  is  more  attracted,  and  there  is  always 
a  lefs  Change  in  their  refpeCtive  Situation  when  both  are  carried 
the  fame  Way,  than  if  (the  Sun  being  at  Reft)  Mercury  only 
fhould  be  carried  towards  Jupiter. 

This  Reafoning  may  be  applied  to  all  the  Actions  of  the  Pla¬ 
nets,  that  are  more  diftant  from  the  Sun,  upon  thofe  that  are  lefs 
diftant.  As  to  what  relates  to  the  Action  of  thofe  that  are  nearer, 
upon  thofe  that  are  farther  from  the  Sun,  according  to  the  different 
Situation  they  draw  a  Planet  to  the  Sun,  or  drive  it  from  the  Sun, 
and  in  confidering  one  whole  refpeCtive  Revolution,  that  is,  the 
Motion  from  one  Conjunction  to  another,  the  Difturbance  is  lefs 
than  if  the  Sun  was  immoveable. 

The  Magnitude  of  the  Sun ,  compared  with  the  ref  of  the  Bodies  of 
our  Syflem ,  is  the  Reafon  (as  appears  by  what  has  been  already  de¬ 
monstrated)  that  the  Planets  difurb  one  another  but  little ;  but  fince 
the  Magnitude  is  not  infinite,  thefe  mutual  Actions  muft  not  be 
wholly  overlooked,  and  therefore  it  will  not  be  unufeful  to  make 
fome  Computations  about  them. 

We  have  faid,  that  it  appears  by  Aftronomical  Obfervations, 
that  Jupiter  alters  the  Way  of  Saturn  when  it  is  neareft  to  it*  j  *  4062- 
why  this  Difturbance  is  more  fenfible  than  the  reft  is  deduced  from 
the  Law  of  Gravity. 

The  Actions  of  Jupiter  upon  Saturn  when  it  is  neareft  to  it,  4190. 
and  of  the  Sun  upon  the  fame  Planet,  by  which  it  is  kept  in  it’s 
Orbit,  are  to  one  another  direCtly  as  the  Quantities  of  Matter  in 
Jupiter  and  the  Sun*,  (viz.)  as  9,305  to  10000  •f*,  and  inverfly  *  4048. 
as  the  Squares  of  the  Diftances  of  Jupiter  and  the  Sun  from  Sa -  *f*  4163- 
turn ,  that  is  direCtly  as  the  Squares  of  the  Numbers  954,  434$ 
for  the  Diftances  of  Saturn  and  Jupiter  from  the  Sun  are  as 
954  to  520*;  wherefore,  when  Jupiter  is  nearef  to  Saturn ,  the*  373  r *3732 
Diftances  of  Saturn  from  Jupiter  and  the  Sun  are  in  the  faid  4*9 
Ratio.  The  Ratio  compounded  of  the  two  aforefaid  Ratio’s,  is 
as  45  to  10000,  or  as  1  to  222  ;  this  Adi  ion  of  Jupiter  confpires 
with  the  Gravity  of  Saturn  towards  the  Sun,  and  therefore  increafes 
it  _a_  Part :  Whence  it  is  no  Wonder  that  the  Difturbance  is 

2  z  2. 

fenfible. 

We  don’t  here  confider  the  Force  by  which  Jupiter  attracts  the 
Sun,  for  the  Orbit  of  Saturn  is  not  changed  by  it,  and  what  we 
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had  to  explain  was  why  Aftronomers  obferve  Saturn  to  be  turned 
out  of  the  Way ;  yet  by  the  Action  of  Jupiter  upon  the  Sun,  the 
Sun  is  brought  nigher  to  Saturn ,  and  the  refpeCfcive  Situation  of 
thefe  Bodies  is  more  difturbed,  than  is  difcovered  by  Aftronomical 
Obfervations.  The  Force  with  which  Jupiter  in  the  aforefaid  Po¬ 
rtion  attracts  the  Sun,  and  with  which  therefore  the  Sun  is  at¬ 
tracted  towards  Saturn ,  is  to  the  Force  with  which  Jupiter  attracts 

*  4045.  Saturn  as  434  fquared  to  520  fquared  that  is  as  3 1  to  45,  which 

Number  expreffes  the  Force  with  which  Saturn  tends  towards  Ju¬ 
piter  ,  when  the  Gravity  of  Saturn  towards  the  Sun  is  expreffed  by 
10000.  If  we  colleCt  into  one  Sum  the  Forces  of  Jupiter ,  by 
which  it  attracts  Saturn  and  the  Sun;  the  Force,  by  which,  from 
the  Interpofition  of  Jupiter ,  thefe  Bodies  tend  toward  each  other, 
will  be  to  the  Gravity  of  Saturn  towards  the  Sun,  as  76  to  10000 ; 
but  this  Gravity  is  to  the  Gravity  of  the  Sun  towards  Saturn ,  as 

*  4048  4163.  1 0000  to  3,  25  *,  wherefore  the  mutual  Accefs ,  or  Approach  of  the 

4I93*  Sun  and  Saturn,  is  to  the  Increafe  of  this  Approach  by  the  Action  of 
Jupiter  interpofed ,  as  10067  to  76,  or  as  13 1  to  1. 

This  Difturbance  is  remarkable,  and  far  the  greateft  of  any  that 
happens  in  the  Motion  of  any  of  the  primary  Planets;  this  alfo  ob¬ 
tains  only  in  this  one  Cafe  of  the  Conjunction ;  for  when  Jupiter 
recedes  from  Saturn ,  the  Difturbance  of  the  Motion  of  Saturn ,  in 
a  fhort  Time  becomes  infenfible. 

In  the  fame  Pofition  of  Jupiter ,  when  it  is  neareft  to  Saturn , 
the  Force  of  Saturn ,  although  it  be  the  greateft  of  all  in  this  Cafe, 
does  not  fo  fenfibly  alter  the  Way  of  Jupiter  about  the  Sun.  The 
ACtion  of  Saturn  attracting  Jupiter ,  is  to  it’s  ACtion  by  which 

*  4040.  it  attracts  the  Sun,  as  954  Square  to  434  Square  *,  therefore  it  at¬ 

tracts  Jupiter  with  greater  Celerity;  and  fince  they  are  both  at¬ 
tracted  the  fame  Way,  the  Difference  of  thefe  Forces  is  the  Force, 
with  which  (from  the  ACtion  of  Saturn)  Jupiter  and  the  Sun  are 

*  918.  feparated  from  each  other  *  ;  which  is  therefore  to  the  Gravity  of 

the  Sun  towards  Saturn ,  as  the  Difference  of  thofe  Squares,  to  the 
laft  ;  that  is  nearly  as  72  to  19  ;  but  this  Gravity  of  the  Sun  towards 
- Saturn  is  to  the  Gravity  of  Jupiter  towards  the  Sun,  as  3,  25  to 

*4048.4163.  j0000*5  and  as  520  Square  to  954  Square  *j~,  that  is  as  19  to 
4  ^ '  17509  ;  therefore  the  difturbing  Force  of  Saturn  is  to  the  Gravity 

41 95-  of  Jupiter  towards  the  Sun  as  72  to  19509,  or  as  1  to  2703  ; 
therefore  by  the  greateft  Aft  ion  of  Saturn ,  the  Gravity  of' Jupiter 
towards  the  Sun  is  diminifhed  by  rfcr  Part>  which  Difturbance  is 
infenfible. 
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The  other  mutual  Difturbances  of  the  Planets  are  much  lefs,  as  4196, 
will  appear  by  determining  that,  which  is  the  greateft  of  them  all, 

(viz.)  that  of  Mars  by  Jupiter ,  which  is  difcovered  by  the  fame 
fort  of  Computation  as  the  foregoing. 

The  Diftances  of  Jupiter  from  Mars ,  and  the  Sun  when  Mars  4197. 
is  between  the  Sun  and  Jupiter  in  the  fame  Line,  are  as  3677  to 
5201  *j  wherefore  the  Forces  with  which  Jupiter  attra&s  thele  Bo-  *  3730.3731. 
dies,  are  inverfely  as  the  Squares  of  thofe  Numbers  f,  that  is  nearly  f  4049. 
as  2,  to  1.  the  Difference  of  which  Forces  is  equal  to  the  laft,  that 
is  to  the  Gravity  of  the  Sun  towards  Jupiter.  This  Gravity  of  the  Sun 
towards  Jupiter  is  to  the  Gravity  of  Mars  towards  the  Sun,  as  9,305 
to  10000  *,  and  inverfely  as  the  Squares  of  the  Diftances  of  thofe  *  4048.4163: 
Planets  from  the  Sun*f*,  and  this  Ratio  is  compounded  of  1  to  *f*  4049. 

1 25 1 2,  in  which  Ratio  therefore  is  the  difturbing  Force  of  Ju¬ 
piter,  to  the  Gravity  of  Mars  towards  the  Sun.  Wherefore  the 
Gravity  of  Mars  towards  the  Sun  is  only  dimini  fed  TT}lT  by  the  4198. 
AElion  of  Jupiter  when  it  is  near  it. 

Although  thefe  Difturbances,  arifing  from  the  Actions  oj  the  P/a-  4199. 
nets  upon  each  other ,  be  very  final],  and  although  thofe,  which  hap¬ 
pen  in  a  different  Pofition  of  the  Planets,  do  in  fome  Meafure  com- 
penfate  each  other  ;  yet  the  Proportion  in  which  the  Force,  which 
keeps  the  Planets  in  their  Orbits  decreafes,  is  a  little  changed  by 
thefe  Actions,  fo  that  it  does  not  decreafe  exactly  in  an  inverfe  Ra¬ 
tio  of  the  Square  of  the  Diftance :  therefore  although  the  Orbits 
are  at  Reft  as  to  Senfe,  after  a  great  many  Revolutions ,  a  final/ 

Change  is  obferved  in  the  Situation  of  their  Orbits  *.  *  630. 3696. 

From  all  this  it  follows,  that  if  we  fuppofe  the  Planets  at  firft  4200. 
once  projected  at  the  Diftances  from  the  Sun  at  which  they  are 
moved,  they  will  by  the  Laws  already  explained  perfevere  in  thofe 
Motions ;  and  the  Excentricity  of  the  Orbits  depends  upon  the  Ce¬ 
lerity  and  Direction  of  the  firft  Projection.  But  thefe  Motions  may 
be  preferved  very  long,  by  reafon  of  the  fmall  Refiftance  of  the 
celeftial  Matter. 

It  is  alfo  plain,  why,  by  Lines  drawn  to  the  Center  of  the  Sun,  4201» 
they  defcribe  Areas  proportionable  to  the  Times;  namely,  becaufe 
all  other  Gravities  in  the  Syftem,  are  very  fmall  in  refpeCt  of  the 
Gravity  towards  the  Sun  * ;  therefore  by  this  Gravity  alone,  it  is  *  ^  1 84. 
that  the  Planets  are  retained  in  their  Orbits,  whence  follows  this 
Proportion  of  the  Areas  -f.  f  585. 

And  alfo  the  Motion  in  elliptic  Lines,  which  are  carried  on  very  4202. 
flowly,  follows  from  the  Law  of  Gravity ;  for  thefe  Lines  would 
Vo l.  II.  Y  y  be 
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be  immoveable,  if  the  Planets  gravitated  only  towards  the  Sun  * ; 
but  this  flow  Motion  of  the  Orbits  is  deduced  from  the  Action  of 
the  Planets  upon  one  another  J. 

Now  in  refpeCt  to  the  Proportion  which  is  obferved  between  the 
Cubes  of  the  Diftances,  and  the  Squares  of  the  periodical  Times,  it 
is  alio  deduced  from  the  Law  of  Gravity  * ;  fo  that  if  we  add  to 
thefe  what  we  have  faid  of  the  Deflection  of  Saturn -J-,  nothing 
will  remain  to  be  explained  in  refpeCt  of  the  primary  Planets. 

That  the  Motion  of  Comets  depends  upon  the  Law  of  Gravity ,  is 
alfo  deduced  from  Obfervations  5  and  in  refpeCt  of  them,  as  has  been 
faid  concerning  the  Planets,  the  Sun’s  Gravity  prevails,  and  by  that 
Gravity  they  reflect  from  a  rectilinear  Courfe  *  \  but  that  the  Cur¬ 
vature  of  their  Way  depends  upon  the  fame  Gravity,  follows  from 
this  >  that  a  Body,  by  that  Gravity,  will  defcribe  an  Ellipfe,  or  a 
Parabola,  or  an  Hyperbola  * ;  which  Lines  it  appears  that  thofe 
Comets  have  defcribed,  whofe  Trajectories  have  been  determined. 

‘The  Satellites  of  Jupiter  and  Saturn  are  moved  by  the  fame  Laws 
about  their  Primaries ,  as  the  Primaries  are  moved  about  the  Sun  * ; 
wherefore  the  Explication  of  thofe  Motions  J  may  be  alfo  referred 
to  them  $  for  in  thefe  three  Cafes,  fmaller  Bodies  are  revolving  at 
different  Diftances  about  a  much  greater  Body :  namely,  Satellites 
about  Jupiter  and  Saturn ,  and  primary  Planets  about  the  Sun. 

Whilfl  fecondary  Planets  are  moved  about  a  primary  one ,  it  is  evi¬ 
dent  that  they  may  all  be  moved  with  one  common  Motion ,  whereby 
the  refpeCtive  Motions  with  which  they  are  moved,  in  refpeCt  of 
each  other,  will  not  be  difturbed,  becaufe  a  Body  may  at  the  fame 
Time  be  moved  by  different  Imprefllons  '* :  The  Motion  that  a 
primary  Planet  has  in  common  with  it’s  Satellites,  is  the  Motion 
of  a  primary  Planet  about  the  Sun. 

Yet  the  Motion  oj  the  Secondaries  is  diflurbed  by  the  ASlion  of  the 
Sun ,  towards  which  they  are  carried  fometimes  fafter,  and  fome- 
times  flower,  according  to  the  different  Pofition  of  the  Primary ; 
and  they  alfo  often  concur  towards  the  Sun’s  Center  in  different 
Directions.  Thefe  Irregularities,  which  are  very  fmall,  cannot  be 
obferved  in  the  Satellites  of  Jupiter  and  Saturn ,  though  they  be 
really  like  thofe  which  are  obferved  in  the  Motion  of  the  Moon ; 
the  leaft  Deviation  of  this  laft  is  very  fenfible  to  us.  But  that  the 
Irregularities  of  the  Moon  exaCtly  follow  from  the  Theory  of  Gra¬ 
vity,  will  appear  in  the  next  Chapter. 
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SCHOLIUM. 

Concerning  Bodies  revoking  about  a  common  Center  of  Gravity . 

•  j  .. 

LE  T  there  be  two  Bodies  of  any  Bignefs  attra£ling  one  another  in  the  4208. 

Ratio  of  the  Quantity  of  Matter  in  them  j  let  thofe  Bodies  be  placed  at  pp  x  26.F.5. 
a  and  b,  let  b  be  kept  back,  and  a  be  proje&ed  along  ad ,  which  when  it  is  *  4048. 
drawn  from  b  deferibes  a  Curve,  of  which  a  e  is  a  very  fmall  Part : 

Whilft  the  Body  by  the  proje&ile  Motion  runs  through  a  d ,  it  does  by 
the  Motion  caufed  by  Gravity  go  through  d  e  parallel  to  a  h. 

Let  us  fuppofe  the  fame  Bodies  to  be  moved  afunder  to  the  fame  Di- 
ftance  as  in  the  foregoing  Cafe,  and  to  be  placed  in  A  and  B ;  and  there¬ 
fore  that  a  b  and  A  B  are  equal. 

Let  the  common  Center  of  Gravity  of  the  Bodies  be  C  •,  and  let  them 
be  both  projected  in  the  Parallels  AD,  BF,  with  Velocities  that  are  to 
one  another  as  the  Diflances  from  the  Center  of  Gravity  A  C,  B  C,  fo ' 
that  the  Bodies  may  whirlabout  the  fame  Center. 

Let  us  fuppofe  befides  that  the  Angles  D  AC,  C  B  F  are  equal  to  the 
Angle  dab  \  and  that  the  Velocities  along  a  d  are  to  the  Velocities  along 
AD  and  BF,  as  ab  is  to  AC  and  B  C,  fo  that  a  d ,  AD,  and  B  F  are 
run  through  in  equal  Times,  fuppofing  them  to  be  to  each  other 
as  a  A  C,  C  B.  By  Gravity  they  come  to  each  other  in  that  Time 
through  the  little  Space  d  e ,  which  is  run  through  by  one  Body  alone 
a  when  b  is  kept  back ;  but  when  both  are  left  to  themfelves, 
that  little  Space  is  fo  deferibed  by  both,  that  DE  +  GF=^^,  in  the 
fame  Manner  that  AC-J-CB  =  tf£.  Befides  D  E,  is  to  F  G,  as  AC  is 
toCB*;  therefore  de,  DE,  FG,  are  to  one  another,  as  ab,  AC,  CB; 
but  as  de  is  parallel  to  ab ,  and  DE,  as  alfo  GF,  are  parallel  to  AB, 
the  Triangles  ade ,  ADE,  BFG  are  fimilar  ;  as  alfo  aeb ,  A  EC,  BGC, 
and  the  Changes  of  Velocities  are  alfo  alike. 

This  happens  in  the  firft  Moment  of  thofe  Motions  *,  and  the  fame  4209« 
Things  happen  in  the  following  Moments,  and  the  Triangles,  whofe 
Bafes  are  run  through  in  correfpondent  Times  in  the  three  Figures,  are 
always  fimilar  j  and  as  thefe  whole  Figures  are  made  up  of  thefe  Triangles, 
refpedtively  fimilar,  they  are  alfo  fimilar,  and  run  through  in  equal  Times, 
as  we  have  faid  in  N°  41 800 
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CHAP.  XVI. 

! The  phy fecal  Explication  of  the  Moon  s  Motion. 

T  is  certain  that  the  Moon  and  Earth  having  once  a  projectile 
Motion  given  them,  they  can  perfevere  in  their  Motion  about 
their  common  Center  of  Gravity  *  ;  if  they  be  carried  any  Way 
by  a  common  Impreffion  directed  in  parallel  Lines,  as  was  faid  of 
the  Satellites  of  'Jupiter  and  Saturn*,  this  Motion  will  not  difturb  the 
Motion  about  the  common  Center  of  Gravity,  which  will  follow 
that  Direction  only,  becaufe  in  refpeCt  of  the  two  Bodies  it  is  at 
Reft.  But  the  Bodies  are  carried  by  a  Motion  compounded  of 
that  Impreffion,  and  of  the  Motion  about  the  common  Center  of 
Gravity,  which  will  follow  that  Direction  only,  becaufe  in  refpeCt 
of  the  two  Bodies  it  is  at  Reft.  But  the  Bodies  are  carried  by  a 
Motion  compounded  of  that  Impreffion  and  of  the  Motion  about 
the  common  Center  of  Gravity  *  ;  that  is,  they  are  whirled  about 
that  Center  as  it  is  carried  along,  as  before  it’s  Motion  when  it 
was  at  Reft.  If  every  Moment  new  Impreffions  common  to  both 
the  Bodies  aCt  upon  them,  the  Way  of  the  Center  of  Gravity  may 
be  changed  every  Moment,  which  Change  will  be  like  that  which 
the  Bodies  themfelves  would  undergo,  if  they  had  no  relpeCtive 
Motion.  -  -  .  n,- 

Hence  we  deduce,  that  if  whilft  the  Moon  and  Earth  are  whirled 
round  their  common  Center  of  Gravity,  they  be  both  projected, 
the  Way  of  the  Center  of  Gravity,  by  the  ACtion  of  the  Sun  aCting 
upon  both  Bodies,  is  the  fame  as  a  Body  projected  in  the  fame 
Manner,  would  defcribe  about  the  Sun. 

Whence  it  follows,  that  the  Moon  dijlurbs  the  Motion  of  the 
Earthy  and  that  the  common  Center  of  Gravity  of  thofe  Bodies  de- 
fcribes  that  Orbit  about  the  Sun  which  we  have  hitherto  faid  that  the 
Earth  defcribedy  becaufe  we  hitherto  overlooked  the  ACtion  of  the 
Moon ;  but  the  Earth  defcribes  an  irregular  Curve . 

Let  the  Sun  be  at  S ;  and  the  common  Center  of  Gravity  of  the 
Moon  Q ,  and  the  Earth  M,  at  the  Time  of  the  full  Moon,  be 
at  F :  After  one  whole  Lunation,  that  is,  the  next  full  Moon,  let 
that  Center  be  at  A ;  and  let  F  D  A  be  the  Orbit  which  we  call 
that  of  the  Earth;  but  in  which  the  Center  of  Gravity  above- 
mentioned  does  really  move. 

If 


If  this  Lunation  be  divided  into  four  equal  Parts  after  the  firft, 
the  Center  of  Gravity  will  be  at  E,  the  Moon  at  P,  and  the  Earth 
at  L ;  after  the  fecond  Part  of  the  Time,  at  new  Moon,  the  Cen¬ 
ter  of  Gravity  will  be  at  D,  the  Moon  at  R,  and  the  Earth  at  I ; 
in  the  following  Quadrature,  the  Center  of  Gravity  will  be  at  B, 
the  Moon  at  O,  and  the  Earth  at  PI ;  laftly  at  full  Moon  the  Cen¬ 
ter  of  Gravity  being  at  A,  the  Moon  will  be  at  N,  the  Earth  at 
G :  all  which  follows  from  the  Revolution  of  the  Earth  and  Moon 
about  their  common  Center  of  Gravity,  whilft  it  is  carried  in  the 
Orbit  about  the  Sun. 

Therefore  we  fee  the  Earth  moves  in  the  Curve  M  L  I H  G,  4215. 
which  is  twice  infleCtcd  in  each  Lunation ;  which  Curve  alfo  does 
not  return  into  itfelf,  becaufe  the  Inflections  in  the  feveral  Revolu¬ 
tions  about  the  Sun  do  not  coincide  ;  for  12  Lunations,  and  a  third 
Part  of  another,  are  performed  every  Year. 

This  Irregularity  of  the  Motion  of  the  Earthy  which  is  deduced  42  r6> 
from  the  Laws  of  Nature,  is  too  finall  to  become  fenfble  in  Aflr Gno¬ 
mical  Obfervations ;  wherefore  we  may  without  any  Error  fay,  that 
the  Center  of  the  Earth  itfelf  defcribes  the  Orbit  FDA;  for  MF,. 
orD  I,  the  greateft  Diftance  of  the  Earth  from  that  Orbit  is  about 
the  40th  Part  of  the  Diftance  M  Q^,  which  Diftance  itfelf  is  not 
the  300th  Part  of  the  Diftance  F  S. 

In  explaining  what  relates  to  the  Moon ,  we  alfo  neglebt  the  Confide -  42 17* 
ration  of  the  Motion  of  the  Earth  about  the  common  Center  of  Gra¬ 
vity  abovementioned,  but  we  fuppofe  it  to  revolve  at  the  Difiance  of 
60  Semidiameters ,  from  the  Center  of  the  Earth  ;  becaufe,  as  we 
have  before  demonftrated *,  fuch  is  the  Diftance  at  which  in  it’s*  4 1 57* 
periodical  Time,  it  could  revolve  about  the  Earth  at  Reft,  or  car¬ 
ried  along  in  an  Orbit  in  which  it  fhould  not  be  difturbed  by  the 
Moon’s  AClion.  By  this  Method,  the  Moon’s  Irregularities  \Vill 
be  much  more  eafily  difcovered ;  for  they  are  the  fame  ;  as  is  evi¬ 
dent  whether  the  Moon  moves  about  the  common  Center  of  Gra¬ 
vity  of  the  Moon  and  Earth,  or  about  the  Center  of  the  Earth 

itfelf.  ^  * 

Let  S  be  the  Sun ;  T  the  Earth  ;  and  the  Orbit  of  the  Moon  4218, 
ALB/;  and  laft  of  all  let  the  Moon  be  at  A  in  the  Quadrature ;  Plate  127J 
it  tends  towards  the  Sun  in  the  Direction  AS,  in  the  fame  Man- Fig,  u. 
ner,  and  with  the  fame  Celerity  that  the  Earth  is  carried  towards 
S  along  T  S,  becaufe  the  Diftances  AS  and  TS  are  equal::  This 
Celerity  may  be  reprefented  by  T  S  or  A  S,  the  ACtion  with  which 

the  Moon  endeavours  to  defcend  along  A  S,  and  refolved  into  two* 

Forces- 
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Forces  by  drawing  the  Parallelogram  ADS  T ;  fo  that  the  Moon 
will  endeavour  to  move  in  the  Directions  AD  and  AT,  the  Cele¬ 
rities  reprefented  by  thofe  Lines 

By  the  Preffion  which  aCts  along  AD,  the  Moon  is  carried  with 
the  fame  Celerity  and  the  fame  Way  as  the  Earth ;  by  reafon  of 
the  equal  and  parallel  Lines  T  S  and  A  D  \  wherefore  by  this  Mo¬ 
tion,  the  Relation  between  the  Moon  and  Earth  is  not  changed ; 
but  the  Preffion  along  AT  confpires  with  the  Gravity  of  the  Moon 
towards  the  Earth ,  and  this  Gravity  is  increafed  by  the  ABion  of  the 
Sun,  when  the  Moon  is  in  the  Quadratures ;  and  the  Augmentation 
or  Addition  is  to  the  Gravity  of  the  Earth  towards  the  Sun ,  ^  AT 
the  Moon's  Diftance  from  the  Earth  is  to  T  S,  the  Earth's  Dijiance 
from  the  Sun.  That  thofe  Preffions  along  A  T  and  T  S  are  repre¬ 
fented  by  thofe  very  Lines,  is  plain  from  this,  that  the  Gravities  are 
Preffions,  which  a<ft  on  Bodies  in  Motion  in  the  fame  Manner  as  on 
Bodies  at  Reft  *  $  and  which  therefore  every  Moment  generate 
Augmentations  of  Velocities  in  the  Ratio  of  the  Gravities  them- 
.  felves  f ;  in  which  Ratio  therefore  are  the  Velocities  produced  in 
the  lame  Time. 

T  S  the  Earth's  Diftance  from  the  Sun  remaining  the  fame,  the 
abovementiojied  Addition  of  Gravity  increafes  and  diminifoes  in  the 
Ratio  of  the  Line  A  T,  the  Dijiance  of  the  Moon  from  the  Earth . 

But  this  Diftance  of  the  Moon  from  the  Earth  A  T,  if  it  re¬ 
mains  the  fame  and  T  S  be  increafed,  then  A  T  would  be  lefs  in 
refpeft  of  T  S ;  therefore  though  there  Ihould  be  no  Change  in  the 
Force,  whereby  the  Earth  and  Moon  fall  towards  the  Sun,  the 
Addition  would  be  lefs,  and  fo  much  lefs  as  T  S  is  greater,  becaufe 
this,  though  increafed,  would  ftill  reprefent  the  fame  Quantity ; 
therefore  the  Addition  will  be  in  verily  as  T  S ;  but  the  Force  of 
Gravity  does  not  remain  the  fame,  when  T  S  is  increafed,  but  is  di- 
minilhed ;  wherefore  alfo  in  that  refped:  the  abovementioned  Ad¬ 
dition  is  diminilhed,  and  in  the  fame  Ratio  with  that  Force  of 
Gravity ;  therefore  in  the  inverfe  Ratio  of  the  Square  of  the  Di¬ 
ftance  T  S  *  3  if  this  Diminution  be  added  to  that  abovementioned, 
we  fee  that  the  Addition  of  which  we  fpeak,  f  ollows  the  inverfe 
Ratio  of  the  Cube  of  the  Diftance  of  the  Earth  from  the  Sun . 

The  Difance  of  the  Earth  from  the  Sun  remaining  the  fame,  the 
Gravity  of  the  Moon  towards  the  Earth  decreafes  more  Jlowly  in  the 
Quadratures,  than  according  to  the  inverfe  Ratio  of  the  Square  of  the 
Diftance  from  the  Center  of  the  Earth ;  for  if  the  Addition  in  that 
Cafe  Ihould  follow  the  inverfe  Ratio  of  the  Square  of  the  Diftance, 

as 
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as  the  Gravity  from  the  Adtiori  of  the  Earth  does*,  this  Ratio*  4049, 
would  not  be  difturbed  ;  but  the  Addition  increafes  when  the  Gra¬ 
vity  itfelf  is  diminiithed ;  wherefore  the  Addition,  when  the  Di- 
ftance  is  increafed,  is  always  greater  than  is  required,  and  confe- 
quently  the  Diminution  of  Gravity  is  the  lefs. 

This  Addition  is  determined  in  the  mean  Diftances  of  the  Moon  4224 
from  the  Earth ,  and  of  the  Earth  from  the  Sun:  Let  AT  and  TS 
be  thefe  mean  Diftances ;  the  Addition  required  is  to  the  Gravity  of 
the  Earth,  towards  the  Sun,  as  A  T  to  T  S* ;  the  Gravity  of  the  *  42 19» 
Earth  towards  the  Sun,  is  to  the  Gravity  of  the  Moon  towards  the 
Earth  (becaufe  thefe  Bodies  are  retained  by  thefe  Gravities  in  their 
Orbits)  diredtly  as  T  S  to  T  A,  and  inverjly  as  the  Square  of  the  pe¬ 
riodical  "Time  of  the  Earth  ab$ut  the  Sun ,  to  that  of  the  Moon  about 
the  Earth* :  Therefore  the  Addition  fought  is  to  the  Gravity*  618.  4093.. 
of  the  Moon  towards  the  Earth,  in  a  Ratio  compounded  of  thefe 
Ratios  ;  that  is  the  abovementioned  inverfe  Ratio  of  the  Squares  of 
the  periodical  Times  of  the  Earth  and  Moon,  the  other  Ratios  de- 
ftroying  one  another.  Thefe  Times  are  given,  and  their  Squares 
are  inverfly  as  1  to  178,73. 

Now  if  the  Moon  be  at  L,  in  which  Situation  the  Sun  attracts  422  & 
the  Moon  and  Earth  in  the  fame  Line,  but  not  equally ;  the  Moon 
it  draws  with  a  greater  Force,  becaufe  it  is  lefs  diftant  from  it : 

The  Difference  of  thofe  Forces  is  the  Force  by  which  the  Moon  is 
drawn  back  from  the  Earth,  and  by  which  the  Gravity  of  the  Moon 
towards  the  Earth  is  diminifhed. 

The  Forces  whereby  the  Moon  at  L,  and  the  Earth  at  T,.  tend 
towards  the  Sun,  are  to  one  another  as  the  Squares  of  the  Lines 
ST  and  SL*:  and  the  Difference  of  the  Forces,  that  is,  the  di- *  4049. 
fturbing  Force,  is  to  the  Force  by  which  the  Earth  defcends  toward 
the  Sun,  as  the  Difference  of  thofe  Squares  to  the  Square  of  the 
Line  LS;  that  is,  nearly  as  double  LT  to  LS  or  TS;  for  thefe 
Lines  do  but  very  little  differ  from  one  another  5  and  the  Difference 
of  the  Squares ,  whofe  Roots  differ  but  little ,  is  keeping  the  Proportio w  4226,. 
double  that  which  is  between  the  Roots . 

If  therefore  TS,  as  before,  reprefents  the  Force  whereby  the  4227,. 
Earth  defcends  towards  the  Sun,  L  /  will  reprefent  the  difturbing 
Force  and diminifhing  Gravity ;  when  AT  reprefents  the  difturb¬ 
ing  Force  in  the  Quadratures  *.  Let  the  Moon  be  at  /3  it  is  again  *  4219. 
(together  with  the  Earth)  attra&ed  by  the  Sun  in  the  fame  Line;  4228,. 
but  the  Earth,  becaufe  lefs  diftant,  moves  more  fwiftly  towards  the 
Sun ;  fo  that  there  is  a  Force  which  ftparates  the  Earth  from  the 
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Moon,  namely,  the  Difference  of  the  Forces  which  attraft  the 
Moon  and  the  Earth  *,  which  Force  always  adts  contrary  to  the 
Gravity  of  the  Moon  towards  the  Earth,  and  diminifhes  it,  in  the 
fame  Manner  as  has  been  demonftrated  from  the  greater  Gravity  of 
the  Moon  towards  the  Sun,  fuppofing  it  at  L.  At  /  alfo  the  fepa- 
rating  Force  fcarce  differs  from  the  feparating  Force  at  L,  for  this 
Force,  as  we  have  fhewn,  is  proportional  to  the  Difference  of  the 
Squares  of  the  Lines  T  S  and  L  S  ;  and  that  (as  appears  by  fuch 
another  Demonftration)  proportional  to  the  Difference  of  the 
Squares  of  the  Lines  /  S,  and  T  S ;  which  Differences,  by  reafon 
that  L  /  is  very  fmall  in  refpedt  of  T  S,  fcarce  differ  among  them- 
felves;  fo  that  the  Force  which  diminifhes  the  Moon’s  Gravity  at 
/,  is  alfo  reprefented  by  L  /. 

Yet  the  difurbing  Force  is  fomething  greater  at  the  Conjunction  L, 
than  at  the  Oppofition  l ;  for  fuppofing  the  Differences  between  the 
Roots  to  be  equal,  the  Squares  keeping  the  Proportion,  will  differ 
fo  much  the  more,  the  lefs  they  are,  and  fo  keeping  the  Proportion, 
the  Forces  differ  more  at  L  and  T,  than  at  T  and  /,  which  alfo  are 
lefs 

From  this  we  conclude,  that  the  Force ,  which  di minifies  the 
Gravity  of  the  Moon  in  the  Syzygies ,  is  double  that  which  increafes  it 
in  the  Quadratures  \  namely ,  ^  LZ  to  AT,  Wherefore  in  the 
Syzygies  the  Gravity  of  the  Moon  from  the  Adtion  of  the  Sun  is 
diminifhed  by  a  Part,  which  is  to  the  whole  Gravity,  as  1  to  89,36  ; 
for  in  the  Quadratures,  the  Addition  of  Gravity  is  to  the  Gravity, 
as  1  to  178,72  *. 

In  the  Syzygies,  the  dijlurbing  Force  follows  the  fame  Proportion 
with  half  added  to  it ;  that  is  with  the  difturbing  Force  in  the  Qua¬ 
dratures  *  ;  it  is  therefore  dire  Elly  as  the  Dijlance  of  the  Moon  from 
the  Earth  •j~,  and  inverfy  as  the  Cube  of  the  Dijlance  of  the  Earth 
from  the  Sun  f 

At  the  Syzygies,  the  Gravity  of  the  Moon  towards  the  Earth,  re¬ 
ceding  from  it's  Center,  is  more  diminifhed  than  according  to  the  in - 
verfe  Ratio  of  the  Square  of  the  Dijlance ,  from  that  Center ;  for  it 
would  be  diminifhed  in  that  Ratio,  if  the  Force  to  be  taken  away 
followed  the  fame  Ratio ;  but  on  the  contrary,  as  it  increafes  when 
the  Diftance  becomes  greater  *,  the  Diminution  is  always  greater 
than  in  that  Ratio,  which  is  the  inverfe  of  the  Square  of  the 
Diftance. 

Laftly,  let  the  Moon  be  at  F,  in  any  immediate  Place  between 

the  Syzigy  and  Quadrature,  it  is  drawn  towards  the  Sun  along  F  S, 

by 
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from  which  fince  it  is  lefs  diftant  than  the  Earth  T,  it  is  attracted 
with  more  Force  than  the  Earth :  Let  the  Force  with  which  the 
Moon  tends  to  the  Sun,  be  to  the  Force  with  which  the  Earth  is 
carried  towards  it  as  F  M  to  T  S,  which  alfo  before  has  been  made 
ufe  of  to  exprefs  the  fame  Gravity  of  the  Earth.  Draw  the  Pa¬ 
rallelogram  F  H  M  I,  whofe  Diagonal  is  F  M,  and  whofe  Side  F  H 
is  parallel  and  equal  to  the  Line  T  S.  The  Gravity  of  the  Moon 
towards  the  Sun  is  refolved  into  two  Forces,  one  along  F  H,  the 
other  along  F  I,  and  thefe  Lines  denote  the  Preflures  whereby  the 
Moon  endeavours  to  move  along  them  *.  The  Action  along  FH  *  ^jSo. 
is  common  to  the  Moon  and  the  Earth,  which  with  an  equal  Force, 
and  in  a  Line  parallel  to  it,  does  alfo  tend  to  the  Sun  ;  fo  that  by 
this  Motion  of  the  Moon  the  Situation  of  it,  in  refpeCt  of  the 
Earth,  will  not  be  changed,  and  the  difturbing  Force  will  be  only 
the  PrelTure  along  F I. 

By  reafon  of  the  immenfe  Diftance  of  the  Sun,  the  Part  M  S  of  4234. 
the  Line  M  F  is  fmall,  in  refpeCt  of  the  whole,  and  the  Angle 
F  S  T,  where  it  is  the  greateft,  as  AST,  is  hardly  more  than  the 
6th Part  of  a  Degree;  whence  it  follows,  that  the  Lines  MI  and 
S  N  are  very  near  one  another,  and  that  the  Points  I  and  N  are 
fcarce  fenfibly  diftant,  and  may  without  any  fenfible  Error  be  con¬ 
founded  together ;  which  Error,  notwithftanding  how  little  foever 
it  need  be  regarded,  in  Confideration  of  one  whole  Revolution,  is 
compenfated  by  a  contrary  Error  when  the  Moon  is  at  E.  There¬ 
fore  the  difturbing  Force  is  exprefled  by  FN. 

It  is  to  be  obferved,  when  only  the  Part  Eh  of  the  Line  ESA  4235- 
conjidered ,  that  is  to  be  looked  upon  as  parallel  to  the  Line  L  /,  becaufe 
of  the  fmall  Angle  which  thefe  Lines  make. 

From  the  Point  N  draw  N  (^  perpendicular  to  the  Line  FT,  423^* 
continued  if  Need  be,  in  which  the  Moon  gravitates  towards  the 
Earth  ;  and  let  the  rectangular  Parallelogram  FPN Q^be  drawn  ; 
let  us  conceive  the  Force  along  F  N  refolved  into  two  others,  act¬ 
ing  in  the  Directions  F  Q_and  F  P,  and  reprefented  by  thefe 
Lines  *  :  By  the  ACtion  along  FQ,  the  Gravity  is  diminifh-  *  360. 
ed,  in  the  Cafe  reprefented  by  this  Figure;  but  it  is  increafed 
when  the  Point  falls  between  F  and  T ;  but  by  the  Preflion 
along  F  P  the  Moon  in  it’s  Orbit  is  drawn  towards  the  next  Syzygy 
L,  and  the  Motion  of  the  Moon  is  accelerated  or  retarded,  ac¬ 
cording  as  this  Force  confpires  with,  or  aCts  contrary  to,  the  Moon’s 
Motion. 
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V  ^ 

Near  a  Syzygy,  the  Gravity  of  the  Moon  is  diminifhed,  and  the 
Line  F  Q,  which  follows  the  Proportion  of  this  Diminution  grows 
lefs,  receding  from  the  Syzygy  till  it  vanilhes,  at  the  Diftance  of 
about  54  Deg.  44  Min.  from  it;  at  a  greater  Diftance  of  the 
Moon  from  the  Syzygy,  Q_  falls  in  between  F  and  T ;  and  the 
Gravity  of  the  Moon  towards  the  Earth  is  increafed  by  the  Sun’s 
Action . 

The  Force  along  F  P  vanishes  in  the  Syzygy  L,  receding  from 
it,  it  increafes  quite  to  the  Odfant,  which  is  the  middle  Point  be¬ 
tween  the  Syzygy  and  the  Quadrature ;  and  then  it  diminifhes 
again  till  it  vanilhes  quite  at  B. 

Between  B  and  /,  or  /  and  A,  the  difturbing  Motions  are  de¬ 
termined  in  the  fame  Manner,  as  in  A  L  B,  the  oppofite  inferior 
Part  of  the  Orbit ;  at  E  and  F,  the  Diminution  of  Gravity  is  equal, 
and  in  that  Polition  it  is  drawn  in  the  Orbit  with  an  equal  Force 
towards  the  Syzygy  /,  with  that  with  which  at  F  it  is  impelled 
towards  the  Syzygy  L. 

Hence  it  follows,  that  in  the  Motion  oj  the  Moon  from  the  Syzygy 
to  the  Quadratures  between  L  and  B,  as  alfo  between  /  and  A, 
the  Gravity  of  the  Moon  towards  the  Earth  is  continually  increafed \ 
a?id  the  Moon  is  contmually  retarded  in  it's  Motion. 

But  in  the  Motion  from  the  Quadrature  to  the  Syzygy ,  between  B 
and  /,  as  alfo  between  A  and  L,  every  Moment  the  Moon's  Gravity 
is  diminifoeds  and  it's  Motion  in  it's  Orbit  is  accelerated . 

You  may  determine  the  Forces  upon  which  thefe  Effects  depend, 
by  comparing  them  with  the  known  Force,  whereby  Gravity  is 
increafed  in  the  Quadratures  *,  and  which  is  reprefented  by  the 
Moon’s  Diftance  from  the  Center  of  the  Earth. 

The  Lines  MI,  H F,  ST,  are  equal  by  Conftrucftion ;  there¬ 
fore  when  the  Points  I  and  N  are  confounded,  M  N  is  equal  to 
S  T,  and  M  S  is  equal  to  N  T.  The  Lines  MF  and  S  T  repre- 
fent  the  Forces,  whereby  the  Moon  at  F  and  the  Earth  at  T  are 
carried  towards  the  Sun  S  ;  therefore  they  are  as  the  Square  of  the 
Line  T  S  to  the  Square  of  the  Line  F  S  *  ;  wherefore,  as  F  G  is 
the  Difference  of  thefe  Lines,  F  M  and  T  S  differ  from  one  another 
double  the  Line  G  F  and  adding  G  F  to  the  Line  F  M,  the  Dif¬ 
ference  between  G  M  and  T  S,  that  is,  M  S  will  be  triple  the 
Line  F  G,  and  therefore  this  is  alfo  the  Quantity  of  the  Line 
N  T  :  Now  as  F  E  is  double  F  G  * ;  therefore  N  T  will  be  to  FE 
as  Three  to  Two. 


/ 


Let 


Chap.  1 6.  of  Natural  Philofophy. 

Let  F  T  be  continued,  if  Need  be,  and  from  E  draw  E  V  per¬ 
pendicular  to  it 5  the  Triangles  E  VF  andN  QJT,  which  are  rect¬ 
angular,  will  be  fimilar,  by  reafon  of  the  alternate  Angles  V  F  E 
and  Q  T  N* :  Therefore  NT  is  to  FE,  that  is,  Three  is  to  Two, 
as  N  Q,  equal  to  F  P  is  to  E  V ;  which  therefore  is  proportional  to 
two  third  Parts  of  the  Force,  which  is  expreffed  by  F  P ;  but  E  V 
is  the  Sine  of  the  Angle  E  T  V  at  the  Center  which  is  double  the 
Angle  E  F  V  at  the  Circumference  *,  equal  to  the  Angle  F  T  L, 
which  is  the  Diftance  of  the  Moon  from  the  Syzygy.  Therefore, 
as  the  Radius  TA  or  T  E  is  to  a  Sine  and  an  half  of  double  the 
Diftance  oj  the  Moon  from  the  Syzygy ,  namely  F  P,  fo  the  Addition 
of  Gravity  in  the  Quadratures  (which  is  expreffed  by  the  Radius  TA) 
is  to  the  Force  which  accelerates  or  retards  the  Motion  of  the  Moon  in 
it's  Orbit . 

The  Computation  of  this  Diminution  of  Gravity,  and  of  it’s 
Increafe  at  a  lefs  Diftance  from  the  Quadratures,  is  deduced  from 
the  fame  Principles. 

This  Diminution  is  reprefented  by  the  Line  F  Q ,  which  is  equal 
to  QT  minus-  the  Radius  ;  but  from  the  Confideration  of  the  Tri¬ 
angles  abovementioned,  V  F,  taken  one  and  a  half  is  equal  to  Q  T; 
therefore  V  T  and  an  half,  with  half  the  Radius  added  to  it,  ex- 
preffes  the  required  Diminution  of  Gravity 3  and  the  Radius  is  to 
the  Sum  or  Difference  of  one  and  a  half  the  Co-fine  of  double  the  Di- 
fiance  of  the  Moon  from  the  Syzygy  and  half  the  Radius .  As  the  Ad¬ 
dition  of  Gravity  in  the  Quadratures,  to  the  Diminution  or  Increafe 
of  Gravi t  y  in  that  Situation  of  the  Moon ,  concerning  which  the  Com¬ 
putation  is  made . 

We  make  ufe  of  the  Difference  of  the  Co-fine  from  half  the 
Radius,  when  the  Angle  is  fuch  whofe  Co-fine  is  greater  than  a 
right  Angle  ;  becaufe  in  that  Cafe  we  make  ufe  of  the  Co-iine  of 
the  Complement  of  the  Angle  to  two  right  Angles :  When  in  this 
fame  Cafe  the  Co-fine  and  a  half,  which  we  make  ufe  of,  is  greater 
than  half  the  Radius,  the  Quantity  found  is  to  be  added  3  that  is, 
increafes  the  Gravity;  which  obtains  every  where  between  the 
Quadrature,  and  35  Deg.  16  Min.  from  it. 

Fhefe  Forces ,  whatever  is  the  Figure  of  the  Moon's  Orbit ,  are  ex¬ 
actly  determined 3  for  they  are  compared  with  the  Addition  of  Gra¬ 
vity  in  the  Quadratures,  fuppofing  the  Moon  in  the  Quadrature  to 
be  at  the  fame  Diftance  from  the  Earth,  at  which  it  really  is  in 
the  Place  which  is  conlidered;  but  this  Addition  is  difcovered  in 
every  Cafe  *.  * 

Zz  2  Though 
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4250.  Though  it  be  foreign  to  the  Purpofe  of  this  Work,  to  give  a 
Computation  of  the  Moon’s  Motion,  I  thought  it  neceflary  to  ex¬ 
plain  in  a  few  Words,  what  is  the  Method  whereby  to  difcover 
the  Forces  that  govern  the  Moon  3  becaufe  the  more  exadtly  we 
know  the  Forces,  the  more  eafily  we  lhall  conceive  their  general 
Effedt. 

4251.  Now  to  examine  the  Moon’s  Motion,  we  mull  fingly  conlider 
it’s  feveral  Irregularities;  which  to  do  without  Confulion,  we  mull 
remove  feveral  Irregularities,  and  conceive  the  Moon  as  moving  in 
a  Circle  about  the  Earth  in  which  Curve  it  is  plain,  that  it  can  be 
retained  by  Gravity  *.  We  alfo  conceive  that  the  Orbit  of  the 
Moon  is  in  the  Plane  of  the  Ecliptick. 

This  Motion  is  dillurbed  by  the  Adtion  of  the  Sun,  and  the 
Orbit  is  more  convex  in  the  Quadratures  than  in  the  Syzygies.  The 
Convexity  of  a  Curve  which  a  Body  defcribes  by  a  central  Force,  is 
fo  much  the  greater  as  the  central  Force  does  more  llrongly  every 
Moment  turn  the  Body  out  of  the  Way  3  it  is  alfo  greater  the  more 
llowly  the  Body  moves  3 '  becaufe  the  central  Force,  adting  the 
longer,  has  a  greater  Effedt  in  infledting  the  Way  of  the  Body. 
From  contrary  Caufes  the  Convexity  of  the  Curve  is  diminifhed. 
Both  concur  in  increaling  the  Convexity  of  the  Orbit  in  the  Qua¬ 
dratures  *,  and  diminilhing  it  in  the  Syzygies  •f. 

From  this  it  follows,  that  the  circular  Figure  of  the  Moon’s  Or¬ 
bit  is  changed  into  an  Oval,  whofe  greater  Axis  goes  through  the 
Quadratures  3  fo  that  the  more  convex  Parts  are  in  the  Quadra¬ 
tures.  Wherefore  the  Moon  is  lefs  dijiant  from  the  Earth  at  the  Sy¬ 
zygies,  and  more  at  the  Quadratures ,  and  it  is  no  Wonder  that  the 
Moon  comes  towards  the  Earth  in  the  Syzygies,  when  it’s  Gravity  is 
diminilhed  3  becaufe  the  Accefs  is  not  the  immediate  Effedt  of  this  Di¬ 
minution,  but  of  the  Infledtion  of  the  Orbit  towards  the  Quadratures. 

The  Motion  of  the  Moon,  taking  away  the  Adtion  of  the  Sun, 
is  not  in  a  Circle,  but  in  an  Ellipfe,  one  of  whofe  Foci  coincides 
with  the  Center  of  the  Earth  *  3  for  the  Orbit  of  the  Moon  is  ex- 
•  centric,  and  it  is  retained  in  it  by  the  Force  of  Gravity. 

Therefore  what  has  been  demonllrated  cannot  be  exadlly  applied 
to  the  Moon’s  Motion  3  for  as  the  Forces  which  generate  the  De¬ 
viations  explained,  do  really  adt  upon  the  Moon,  the  Ellipfe,  which 
the  Moon  would  defcribe  if  the  Sun  was  taken  away,  is  changed* 
42  c6.  and  creteris  paribus,  the  Propoftions  0/"N°  4252,  4254.  may  be  ap¬ 
plied  to  the  Moods  Motion .  That  is,  the  Figure  of  the  Ellipfe 

(which  the  Moon  would  defcribe  if  the  Sun  was  taken  away,  in 
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any  Situation  of  the  Sun)  the  Sun  being  prefent,  is  a  little  changed, 
the  Parts,  which  are  in  the  Quadrature,  become  more  convex, 
when  on  the  contrary  thofe  that  pafs  through  the  Syzygies  lofe  of 

their  Convexity  j  whence  neceffarily  follow  Variations  in  the  Di- 
ftances. 

In  the  Quadratures  and  Syzygies ,  the  difturbing  Force  ads  in  the  42  C7. 
fame  Line  as  the  Force  of  Gravity  towards  the  Earth  * ;  therefore  *42,10.4225. 
the  Force  which  continually  ads  upon  the  Moon,  and  retains  it  in  4228* 
it’s  Orbit,  is  directed  towards  the  Center  of  the  Earth,  and  the 
Moon  defer ibes  Area's  by  Lines  drawn  to  the  Center  of  the  Earth  pro¬ 
portional  to  the  Limes  *.  *  ^85. 

In  other  Points  of  the  Orbit ,  as  F  befides  the  Force  which  ads  in  4258. 
the  Line  FT,  there  is  alfo  another,  whofe  Direction  is  perpendi- Plate  127; 
cular  to  FT  *  which  is  here  reprefented  by  F  P  :  the  Direction  of  Fig.  1. 
the  Force  compounded  of  both  is  direded  by  Degrees  fidewife  to  *  4236. 
the  Line  FT,  and  does  not  tend  to  the  Center  of  the  Earth  -f  y  -(-318. 
wherefore  the  Areas  by  Lines  drawn  to  the  Center  of  the  Earth  are 
not  exadlly  proportional  to  the  Limes  *.  In  the  Odants,  FP  is  the  *  586. 
greateft  of  all  y  and  the  Force  which  is  reprefented  by  that  Line  is 
to  the  Gravity  of  the  Moon  towards  the  Earth,  in  that  Point,  in 
the  mean  Diftances  of  the  Sun  and  Moon,  as  1  to  119,  15*, 

Wherefore  the  Diredion  of  the  Force,  compounded  of  the  Adions 
of  the  Sun  and  Earth  upon  the  Moon,  makes  an  Angle  of  about 
half  a  Degree  with  the  Line  F  T. 

The  Motion  of  the  Moon  is  fubjed  to  feveral  other  Irregulari¬ 
ties  5  fo  that  it  deferibes  a  Curve  wholly  irregular ;  which  Afro - 
mers ,  in  order  to  fubjed  it  to  the  moft  exad  Computations  that  can 
be  made,  do  reduce  to  an  Ellipfe  which  they  conceive  to  be  agitated 
by  various  Motions ,  and  alfo  to  be  changeable ,  lefi  the  Moon  fjould  go 
out  of  it. 

In  refped  to  central  Forces  we  have  obferved,  that  a  Body  does 
not  deferibe  an  Ellipfe,  if  the  central  Force,  by  which  it  is  retained 
in  it’s  Orbit,  decreafes  in  any  other  Ratio  than  the  inverfe  Ratio  of 
the  Square  of  the  Diftance  ;  but  that  the  Curve  may  be  often  re¬ 
duced  to  a  moveable  Ellipfe  concerning  which  it  is  to  be  ob-  * 
ferved  that  the  Ellipfe,  in  that  Motion,  turns  about  one  of  it' s  Fociy 
and  the  Motion  of  the  Ellipfe  is  directed  fometimes  the  fame  Way  as  the 
Motion  of  the  Body  *  ;  and  fometimes  the  contrary  Way. 

Hence  it  follows,  the  Orbit  of  the  Moon  cannot  be  referred  to 
an  elliptic  Orbit,  unlefs  you  fuppofe  it  agitated  by  four  Motions 
every  Revolution  y  that  is,  unlefs  the  Line  of  the  Apfides,  which 
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goes  through  the  Center  of  the  Earth,  goes  forwards  twice,  and 
backwards  twice. 

The  Apfides  of  the  Moon  go  forward  when  the  Moon  is  in  the  Sy¬ 
zygies  *,  or  rather  whilft  the  Moon  moves  between  the  Points, 
which  are  54  Deg.  44  Min.  diftant  from  them  f.  In  the  Quadra¬ 
tures  ,  and  between  the  Points  diftant  from  them  35  Deg.  16  Min. 
The  Apfides  go  backwards ,  that  is  move  in  Antecedentia** 

The  Forces  upon  which  the  Progrefs  and  Regrefs  of  the  Apfides 
depend,  are  the  Forces  which  difturb  the  Motion  of  the  Moon, 
which  have  been  before  explained  3  therefore  fince  the  difturbing 
Force  in  the  Syzygies,  is  double  the  difturbing  Force,  in  the  Qua¬ 
dratures  *  3  the  Progrefs,  which  alfo  has  Place  in  a  longer  Arc  t, 
confidering  one  intire  Revolution  of  the  Moon ,  exceeds  the  Regrefsy 
c ceteris  paribus . 

In  a  Circle  whofe  Center  is  in  the  Center  of  the  Forces,  the  Di¬ 
minution  of  the  Force,  in  receding  from  the  Center,  produces  no 
Effed:  3  becaufe  in  fueh  a  Line  the  Body  does  not  recede  from 
the  Center  3  therefore  the  Effect  of  this  Diminution  is  fo  much  the 
greater,  as  the  Curve  defcribed  by  the  Body  differs  more  from 
fuch  a  Circle. 

In  an  elliptic  Orbit,  one  of  whole  Foci  coincides  with  the  Cen¬ 
ter  of  the  Forces,  the  Curvature  in  the  Apfides  differs  moft  of  all  from 
fuch  a  Circle,  and  the  EffeB  of  the  Diminution  of  the  Force ,  in  re¬ 
ceding  from  the  Center  of  the  Forces ,  is  the  greatejt  of  ail. 

If  this  Orbit  is  but  a  little  excentric  at  the  Ends  of  the  leffer  Axis , 
the  Curvature  of  the  Circle  above-mentioned  differs  little  from  the 
Curvature  of  the  Ellipfe,  in  refped  of  the  Forces,  and  the  EffeB  of 
the  Diminution  is  the  leaf  of  all. 

The  Progrefs  and  Regrefs  of  the  Apfides  depend  upon  the  Propor¬ 
tion,  according  to  which  the  Force  of  Gravity  decreafes,  receding 
from  the  Center  of  the  Earth  *  3  it  is  therefore  the  EffeB  of  the 

Diminution  of  the  central  Force. 

This  Motion  of  the  Apfides,  which  we  have  explained,  under¬ 
goes  feveral  Changes ;  the  Apfides  go  forward  fajlefi  of  all  in  a  Re¬ 
volution  of  the  Moon ,  fuppofing  the  Line  of  the  Apfides  in  the  Sy¬ 
zygies  *  3  and  in  that  very  Cafe ,  they  go  back  the  Jlowefi  of  all  in 
the  fame  Revolution  J,  becaufe,  by  reafon  of  the  fmall  Excentricity 
of  the  Moon,  the  Quadratures  are  but  very  little  diftant  from  the 
Ends  of  the  leffer  Axis  of  the  Orbit. 

Suppofmg  the  Line  of  the  Apfides  to  be  in  the  Quadratures ,  the 
Apfides  are  carried  in  Confequentia,  the  leaf  of  all  in  the  Syzygies  *3 
hut  they  return  the  fwiftejl  in  the  Quadratures  vjv  3  and  in  this 

Cafe , 


Cafe,  in  one  intire  Revolution  of  the  Moon ,  the  Regrefs  exceeds  the 
Progref.  , 

Whilft  the  Earth  is  earned  along  in  it’s  Orbit,  the  Line  of  the 
Apfides  does  fuceeflively  go  through  all  Situations  in  refpedt  of  the 
Sun  y  wherefore,  confidering  a  great  many  Revolutions  of  the  Moon  4272» 
taken  together ,.  the  Apfides  go  forwards  *5  and  it  is  plain  from  Ob-  *  4265, 
fervations,  that  in  the  Space  of  about  eight  Years,  the  Line  of  the 
Apfides  performs  one  intire  Revolution. 

•  We  have  alfo  faid  that  the  Excen tricity  of  the  Orbit  is  not 
eonftant 

* The  Exentricity  of  a  Body  is  increafed ,  if  the  central  Force ,  the 
Diminution  being  continued,  decreafes  f after  than  before,  whilft  the 
Body  is  carried  from  the  lower  to  the  upper  Apfis;  for  then  it  is 
every  Moment  lefs  attracted,  than  if  the  Force  decreafed  lefs,  and 
therefore  it  recedes  the  more.  The  Excentricity  of  the  Orbit  is 
alfo  thereby  increafed,  in  the  fame  Cafe,  in  the  Motion  from  the 
upper  to  the  lower  Apfis,  becaufe  in  this  Cafe,  coming  towards  the 
Center,  the  Force  increafes  fo  much  the  fafter,  as  the  Body  defeends 
more  towards  the  Center ;  fo  that  in  each  Cafe,  the  Difference, 
between  the  greateft  and  leaft  Diftance  from  the  Center  of  the 
Forces,  may  become  greater,  and  the  Excentricity  be  thereby  in¬ 
creafed.  By  the  fame  Reafoning  it  appears,  that  the  Excentricity 
is  di minified,  when  the  central  Force  decreafes  more  fiowly  than  before 
in  the  Recefs  from  the  Center . 

Applying  this  to  the  Moon’s  Motion,  it  appears,  that  the  Excen¬ 
tricity  of  the  Orbit,  every  Revolution ,  undergoes  various  Changes : 

That  it  is  increafed  when  the  Moon  goes  through  the  Syzygies  *,  *4232-42?3* 
and  diminished  when  it  is  in  the  Quadratures  f  That  Excentri -  1 4223-42?4° 
city  is  the  greatefi  of  all  when  the  Line  of  the  Apfides  is  in  the  Syzygies ;  4  2760. 

becaufe  in  one  intire  Revolution,  the  Caufe  which  moves  the  Ex¬ 
centricity  is  the  greateft  of  all ;  and  that  which  diminishes  it,  the 
leaft  of  all,  becaufe  the  Forces  in  the  Apfides,  being  compared,  do- 
decreafe  fafter  than  in  an  inverfe  Ratio  of  the  Square  of  the  Di¬ 
ftance  *,  whence  this  Addition  follows -f,  which  prevails  in  this  *4*3 2* 
Pofition  J  •  But  the  Orbit  is  the  leaf  excentric  of  all,  when  the  Line  j  4267! 
of  the  Apfides  is  in  the  Quadratures,  the  Diminution  of  the  Excen¬ 
tricity  prevailing  *  4223,4274. 

We  have  faid  that  the  Moon  moves  in  a  Plane  inclined  to  the  4277- 

Plane  of  the  Ecliptic  5  that  the  Line  of  the  Nodes  is  carried  round 
in  Antecedentia  *  ;  and  that  the  Inclination  of  the  Orbit  is  not  con-  *  3743- 
ftant  'f ;  thefe  Effects  are  alfo  deduced  from  the  Adion  of  the  Sun  4  3742i 
upon  the  Moon,  '  By. 
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By  reafon  of  the  fmall  Inclination  of  the  Moon's  Orbit,  the 
Forces  which  we  have  hitherto  confidered  adting  in  the  Plane  of 
the  Ecliptic,  not  regarding  the  Inclination  of  the  Orbit,  may  (with¬ 
out  any  fenfible  Error)  be  referred  to  the  Plane  of  the  Orbit  ;  and 
the  Moon  in  it  is  fubjedt  to  the  Motions  before  explained :  But 
there  is  a  Force  which  removes  the  Moon  from  the  Plane  of  the  Orbit  * ; 
fo  that  .we  muft  conceive  that  Plane  to  be  agitated,  other  wife  the 
Moon  would  go  out  of  the  Orbit. 

Let  the  Moon  be  at  F ;  if  we  attend  to  what  has  been  faid  above 
concerning  the  Adtion  of  the  Sun  *,  it  is  plain,  that  the  Plane  of 
the  Parallelogram  F  H  M I  goes  through  the  Line  T  S,  which  joins 
the  Centers  of  the  Earth  and  Sun;  and  therefore  it  is  in  the  Plane 
of  the  Ecliptic ;  fo  that  the  Point  N,  to  which  is  diredted  the  Force 
difturbing  F  N,  on  account  of  the  Adtion  of  the  Sun,  is  in  that 
Plane. 

Let  the  fame  Force  be  reprefented  by  F I ;  atF  let  FR  be  raifed 
perpendicular  to  the  Plane  of  the  Orbit ;  and  imagine  the  Paralle¬ 
logram  F  R I  /,  whofe  Side  F  i  is  in  the  Plane  of  the  Orbit,  and 
whofe  Diagonal  is  F I ;  the  difturbing  Force  along  F  I,  is  refolved 
into  two,  in  the  Diredtions  F  R  and  F  /,  which  thefe  Lines  repre- 
fent*,  and  of  which  this  laft  adts  in  the  Plane  of  the  Orbit :  So  that 
we  muft  refer  to  this  what  relates  to  the  difturbing  Force,  of  which 
we  have  treated  in  N°  4233  ;  for  the  Lines  F  i  and  F I  fcarce  dif¬ 
fer,  and  the  Plane  of  the  Parallelogram  F  R I  /  is  perpendicular  to 
the  Plane  of  the  Moon’s  Orbit. 

The  Line  F  R  muft  be  determined,  which  reprefents  the  Force 
that  adts  perpendicular  to  the  Plane  of  the  Orbit,  and  removes  the 
Moon  from  that  Plane ;  now  the  Ratio  of  the  Line  F  R  or  I  /, 
to  the  Radius  E  T,  is  the  Ratio  of  the  difturbing  Force,  which  is 
fpoken  of  here,  to  the  Increafe  of  Gravity  in  the  Quadratures  *. 

In  the  Cafe  of  this  Figure,  in  which  the  Line  of  Nodes  N  n  is 
in  the  Quadratures,  we  find  out  F  R  ;  becaufe  I  T,  which  is  N  T 
of  Fig.  1.  is  given,  and  becaufe  I  T  is  to  I  /,  orFR,  as  the  Radius 
to  the  Sine  of  the  Inclination  of  the  Orbit 

But  in  every  Cafe  the  Force  muft  be  determined  which  drives 
the  Moon  out  of  the  Plane ;  let  us  therefore  fuppofe  the  Line  of 
Nodes  carried  to  the  Situation  M  m,  whereby,  every  Thing  elfe 
remaining  as  before  I  i  is  changed.  To  M ;;;  continued,  if  Need  be 
let  i  X  and  I  X  be  drawn  perpendicular,  which  make  an  Angle 
equal  to  the  Inclination  of  the  Plane  of  the  Orbit. 
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The  Ratio  between  ET  and  I/,  that  is  the  Ratio  between  the  4284, 
Addition  of  Gravity  in  the  Quadratures,  and  the  Force,  which  we  feek, 
which  removes  the  Moon  out  of  the  Plane  ofifsOrbit ,  is  compounded  of 
the  Ratios  of  the  Line  E  T  to  T  I,  of  the  Line  F I  to  I X,  and  laftly 
of  the  Line  I  X  to  I  i.  The  firft  is  the  Ratio  between  the  Radius, 
and  three  Times  the  Sine  of  the  Diftance  of  the  Moon  from  the 
Quadrature*  ;  the  fecond  is  the  Ratio  of  the  Radius  to  the  Sine  of*  424^ 
the  Angle  I  T  X,  that  is,  of  the  Diftance  of  the  Node  from  the 
Syzygy ;  laftly,  the  third  is  the  Ratio  of  the  Radius  to  the  Sine  of 
the  Inclination  of  the  Orbit :  And  the  Ratio,  compounded  of  thefe, 
is  the  Ratio  of  the  Cube  of  the  Radius  to  three  times  the  Product,  of 
the  Sines  oj  the  Diftances  of  the  Moon  from  the  Quadrature ,  and  of 
the  Node  from  the  Syzygy ,  as  alfo  of  the  Inclination  of  the  Plane .  To 
this  Force  alfo  is  to  be  referred  ^4249. 

4 This  Force  vanijhes  in  the  Quadratures ,  becaufe  the  Point  I  coin-  4285. 
cides  with  the  Point  T,  which  is  the  Center  of  the  Earth,  and 
the  Line  I  i  vanifhes ;  the  Lines  F I  and  F  i  concurring  in  the 
Plane  of  the  Orbit,  which  alfo  follows  from  the  Computation  above- 
mentioned*;  the  Sine  of  the  Diftance  of  the  Moon  from  the  *  4284. 
Quadrature  vanifhing,  and  confequently,  the  whole  Produd  which 
is  multiplied  by  that  Sine. 

That  fame  Produd  vanifhes  alfo,  and  with  it  the  Force  which  4286. 
it  reprefents,  when  the  Sine  of  the  Diftance  of  the  Node  from  Plate  127. 
the  Syzygy  vanifhes,  that  \s,fuppofng  the  Line  of  the  Nodes  in  the  Sy -  Fig.  5. 
zygies  :  It  is  alfo  deduced  from  this,  that  the  Line  of  Nodes  N  n 
continued,  goes  through  the  Sun ;  wherefore  the  Sun  is  in  the 
Plane  of  the  Orbit  itfelf,  and  therefore  cannot  draw  the  Moon  but 
in  that  Plane. 

The  Force  alfo  which  we  examine,  is  increafed  as  the  Moon  ad-  4287. 
vances  towards  the  Syzygy,  and  as  the  Node  recedes  jrom  it  *.  *  4284. 

Let  ¥  p  be  the  Plane  of  the  Ecliptic,  PA  the  Orbit  of  the  Moon;  4288. 
when  the  Moon  is  come  to  A,  that  is,  is  receded  a  little  from  the  Plate  127. 
Node,  it  is  removed  out  of  the  Plane  of  the  Orbit,  and  in  the  fe-  Fig.  6. 
cond  Moment  is  not  carried  along  A  B,  (the  Continuation  of  the 
Orbit  P  A)  but  along  A  b ;  becaufe  it  comes  towards  the  Plane  of 
the  Ecliptic  along  B  b ;  therefore  it  is  moved  as  if  it  came  from  a 
more  diftant  Node^.  Whence  it  appears,  that  the  Nodes  go  back-  4289. 
ward,  whiljl  the  Moon  moves  in  ifs  Orbit ,  as  long  as  it  recedes  from 
the  Node :  The  Nodes  alfo  go  back  whilft  the  Moon  is  going  to 
the  oppofite  Node;  becaufe  as  the  Moon  is  continually  driven  out 
of  it's  Orbit  towards  the  Plane  of  the  Ecliptick,  it  is  continually 
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dire&ed  to  a  Point  lefs  diftant,  and  comes  fooner  to  the  Node,  than 
if,  not  being  agitated  by  fuch  a  Motion,  it  had  continued  in  Mo¬ 
tion  with  the  fame  Celerity. 

Conjidering  one  intire  Revolution  of  the  Moon ,  caeteris  paribus,  the 
Nodes  move  in  Antecedentia  fwiftefl  of  all ,  when  the  Moon  is  in  the 
Syzygies  *,  then  Jlower  a?id  flower,  till  they  are  at  Refl  when  the  Moon 
is  in  the  Quadratures 

Whilft  the  Earth  is  carried  round  the  Sun  (even  when  we  don’t 
attend  to  the  abovementioned  Motion  of  the  Nodes)  the  Line  of 
Nodes  does  fucceffively  acquire  all  poffible  Situations  in  refpedt  of 
the  Sun  ;  and  every  Tear  goes  twice  through  the  Syzygies ,  and  twice 
through  the  Quadratures . 

If  now  we  confider  fever al  Revolutions  of  the  Moon ,  the  Nodes  in 
one  whole  Revolution  go  back  very  fafl ,  the  Nodes  being  in  the  Qua¬ 
dratures  *  ;  then  flower ,  till  they  come  to  Refl ,  when  the  Line  of 
Nodes  is  in  the  Syzygies  ‘f*. 

By  the  fame  Force  with  which  the  Nodes  are  moved,  the  Incli¬ 
nation  of  the  Orbit  is  alfo  changed ;  it  is  increafed  as  the  Moon  re¬ 
cedes  from  the  Node  ;  and  diminijhed  as  it  comes  to  the  Node . 

For  the  Angle  bpL  is  lefs  than  the  Angle  A  PL,  and  for  the 
fame  Caufe  it  is  continually  diminifhed,  and  the  Inclination  be¬ 
comes  greater ;  but  when  the  Moon  is  come  to  the  greateft  Di- 
fiance  from  the  Plane  of  the  Ecliptic,  and  is  going  towards  the  op- 
pofite  Node,  the  Direftion  of  the  Moon  is  continually  infledled  to¬ 
wards  the  Plane  of  the  Ecliptic,  and  lefs  inclined  to  it  than  if  it 
continued  in  Motion  in  it’s  Orbit :  Let  N  n  n  be  the  Plane  of  the 
Ecliptic ;  the  Curve,  N  n  the  Orbit  of  the  Moon  $  by  the  Force 
whereby  the  Moon  is  continually  removed  out  of  it,  the  Way  of  the 
Moon  is  changed,  and  it  goes  in  the  Curve  N  n,  which  is  more 
inclined  to  N  n  n  at  N  than  at  n ;  fo  that  we  muft  conceive  the  In¬ 
clination  of  the  Plane  of  the  Orbit  to  be  twice  changed  *,  whilft 
the  Moon  moves  from  one  Node  to  the  other ;  therefore  this  hap¬ 
pens  four  times  in  each  Revolution  of  the  Moon ,  it  is  twice  dimi¬ 
nifhed,  and  twice  again  increafed. 

Suppoflng  the  Nodes  N  n,  to  be  in  the  Quadratures ,  the  Forces 
which  in  one  Revolution  increafe  the  Inclination  and  diminifh  it,  are 
equal  to  one  another ;  for  by  reafon  of  the  equal  Diftance  of  each 
Node  from  the  Syzygies,  the  Forces  that  change  the  Inclination 
at  N  D  and  n  E  are  equal  to  the  Forces  in  the  correfpondent  Points 
in  the  Arcs  D  n  and  E  N  *  $  by  the  former  the  Inclination  is  in¬ 
creafed,  by  the  latter  it  is  diminifhed  +  j  the  Diminution  of  the 

Angle 


Angle  of  Inclination,  on  account  of  the  firft,  is  reftored  by  the 
Adion  of  the  fecond,  and  here  it  is  not  changed .  In  the  Motion 
abovementioned  *  of  the  Line  of  Nodes  in  refped  to  the  Sun,  which  *  429  r, 
depends  upon  the  parallel  Situation  of  this  Line,  the  Node  N  is  car¬ 
ried  to  the  Syzygy  E.  When  (for  Ex.)  the  Line  of  Nodes  is  come 
to  the  Situation  M  m ,  the  Moon  in  it's  Recefs  from  the  Nodes 
goes  through  the  Quadratures  N  n ,  in  which  the  Force  which 
changes  the  Inclination  vanifhes  *,  and  near  which,  it  is  the  lead:  *  4285. 
of  all  -f* :  But  in  coming  towards  the  Nodes,  the  Moon  is  every  -f-  4284. 
where  diftant  from  the  Quadratures,  and  a  greater  Force  ads  upon 
it  * ;  therefore  confidering  one  intire  Revolution ,  the  Increafe  of  the  *  4284. 
Angle  of  Inclination  exceeds  the  Diminution  ‘f* 3  that  is,  that  Angle  4297* 

is  increafed,  or,  which  is  the  fame,  the  Inclination  is  di  minified ;  *f*  4293* 
which  obtains  every  where  in  the  Motion  of  the  Nodes  from  the 
Quadratures  to  the  Syzygies. 

When  the  Nodes  are  come  to  the  Syzygies ,  the  Inclination  of  the  4298. 

Plane  of  the  Orbit  is  the  leaf  of  all 5  for  in  the  Motion  of  the  Nodes  4299* 

from  the  Syzygies  to  the  Quadratures ,  the  Plane  of  the  Orbit  is  con¬ 
tinually  more  and  more  inclined  3  for  in  that  Cafe  as  the  Moon 
goes  to  the  Node,  it  pafles  through  the  Quadratures 3  in  it’s  Re¬ 
cefs  from  them  the  Moon  is  diftant  from  the  Quadratures,  and  in 
one  whole  Revolution  of  the  Moon  the  Force  which  increafes  the  In¬ 
clination  *  exceeds  that  which  diminifties  it  £3  therefore  the  Incli-  *428S-4293 
nation  is  increafed  3  and  it  is  greatefl  of  all  when  the  Nodes  are  in  the  4  43  °0, 
Quadratures ,  where  the  Diminution  of  the  Angle  made  by  the 
Plane  of  the  Orbit  with  the  Plane  of  the  Ecliptic  is  determi¬ 
nated  *.  *  42960 

All  the  Errors  in  the  Moon's  Motion ,  that  we  have  explained,  43° r* 
are  fomething  greater  in  the  Conjunction  than  in  the  Oppoftion  4  4229. 

All  the  diflurbing  Forces  are  determined  by  difcovering  their  4302* 
Ratio  to  the  Addition  of  Gravity  in  the  Quadratures*,  for  *  42454247 
which  Reafon  they  all  undergo  the  fame  Changes  as  that  Addition  4284* 
does  3  that  is,  they  are  inverfy  as  the  Cube  of  the  Di fiance  of  the 
Sun  from  the  Earth  which  when  it  remains  the  fame ,  they  are  as  +  4222* 
the  Difance  of  the  Moon  from  the  Earth*.  Conf dering  all  the  di -  :  4220* 
furbing  Forces  together ,  the  Diminution  of  Gravity  prevails  which  43°3* 

follows  immediately  from  the  Progrefs  of  the  Apfides  % ;  for  it  ap-  i*  423^# 
pears  from  thence,  that  confidering  feveral  Revolutions  together, 4  37434272 
the  Effect  of  the  Diminution  of  Gravity  exceeds  the  Effect  of  the 
Increafe  of  it*  «630.631. 
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43°4 


Therefore  the  Motion  of  the  Moon  being  confidered  in  general ,  the 
Gravity  of  the  Moon  towards  the  Earth  is  diminifhed ,  coming  near 
*  4303-4302-  the  Sun*  y  therefore  when  it  is  lefs  attracted  by  the  Earth,  it  re¬ 
cedes  more  from  it  than  it  would  recede,  if  there  was  no  fuch  Di¬ 
minution  of  Gravity  y  therefore  in  that  Cafe  the  Moon’s  Diftance 
is  increafed,  as  alfo  the  periodical  'Time  *  y  and  that  Time  is  the 
greatefi ,  as  alfo  the  Diflance  of  the  Moon  ( caeteris paribus)  the  great ejl, 
when  the  Earth  is  in  the  Perihelion  J,  becaufe  then  it  is  leaft  diftant 
from  the  Sun. 


43°5 
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37°3 


4306. 


43  °7- 


4308. 


CHAP.  XVII. 

Concerning  the  Figures  of  the  Planets. 

F  we  confider  the  Figures  of  the  Planets,  we  (hall  find  that 
they  have  fuch  Figures  which  follow  from  thefe  very  Laws  by 
which  the  Syftem  is  governed ;  which  is  very  agreeable  to  that 
admirable  Order  which  we  obferve  every  where,  that  no  Forces 
aft  upon  the  Planets  to  deftroy  them  y  that  is,  that  the  Figure  of  a 
Planet ,  whether  it  be  a  primary  or  a  fecondary  Planet ,  is  fuch  as  it 
would  acquire ,  if  it  wholly  conjifled  of  fluid  Matter  y  which  agrees 
with  the  Phaenomena. 

Whence  it  follows,  that  all  the  primary  and fecondary  Planets  are 
fpherical  y  for  they  confift  of  a  Matter  whofe  Particles  gravitate 
*4047. 4048.  towards  one  another  *  y  from  which  mutual  Attraction  a  fpherical 
Figure  is  generated  in  the  fame  Manner,  as  a  Drop  becomes  round 
from  another  fort  of  Attraction  of  the  Parts  J, 

This  fpherical  Figure  of  the  Planets  is  not  changed  from  their  Mo¬ 
tion  round  the  Sun ,  or  from  the  Motion  of  the  fecondary  Planets  about 
their  primary  ones  y  becaufe  all  the  Particles  are  carried  by  the  fame 
Motion  :  But  this  Figure  undergoes  fome  Change  by  the  Motion 
round  the  Axis,  and  fo  much  the  greater  as  the  Motion  is  fwifter. 

For  by  the  centrifugal  Force  Bodies  are  under  the  JEqua - 
tor  y  therefore  as  we  demonftrate  in  our  fecond  Scholium,  a 
Planet  is  every  where  higher  under  the  ^Equator  than  the  Poles  y 
and  from  if  s  Motion  round  if  s  Axis ,  it  acquires  the  Figure  of  a 
Spheroid  depreffed  at  the  Poles  y  for  the  Height  is  continually  di¬ 
minifhed  as  you  go  towards  the  Pole  y  becaufe  the  centrifugal  Force 
is  diminifhed,  by  reafon  of  the  Diftance  from  the  Axis  dimi¬ 
nifhed  *. 

'  'If 
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If  what  has  been  demonftrated  be  compared  with  the  Pheno-  4312. 
mena,  it  will  appear  why  all  the  Bodies  in  our  Svftem  are  fphe- 
rical*;  but  that  this  Figure  is  not  exadt,  but  a  little  changed  by  *  3690. 
their  Motion  round  their  Axis  •f*,  though  this  cannot  be  obferved  -^4310. 
in  mod  of  them,  may  be  deduced  from  Obfervations  made  upon 
( 'Jupiter  and  the  Earth.  AJlronomers  have  obferved,  that  the  Axis  of  4313, 
Jupiter  is  Jhorter  than  if  s  equatorial  Diameter ;  although  this  Pla¬ 
net  be  the  greateft  of  all  the  Planets,  it  is  moved  the  fwifteft  about 
it’s  Axis  *  ;  and  therefore  this  Difference  may  be  obferved.  *  373  r* 

The  Elevation  of  the  Earth  at  the  /Equator  is  determined  +,  al-  43  1 4. 
though  perhaps  to  the  Inhabitants  of  the  other  Planets,  if  there  +  4322. 
are  any,  it  may  not  be  more  fenfible  than  the  Depreflion  of  the 
Poles  of  Mars  to  us,  which  is  fo  fmall  that  we  cannot  per¬ 
ceive  it. 

Let  us  fuppofe  the  Earth  fluid,  and  it  will  acquire  the  abovemen-  43 1 
tioned  fpheroidal  Figure*;  if  it  confifts  of  heterogeneal  Matter,  and  *  4311» 
it’s  Parts  are  more  denfe,  receding  from  the  Center,  but  equally  denfe 
at  the  fame  Diftance  from  it,  there  will  not  be  an  ^Equilibrium, 
except  the  Earth  be  more  deprefled  under  the  Pole,  than  if  it 
was  homogeneous,  as  we  demonflrate  in  the  2d  Scholium. 

Now  if  we  conceive  the  Parts  to  cohere  towards  the  Center,  the  43 1 6* 
Situation  of  the  other  Parts  cannot  be  changed  by  that  Means,  nei¬ 
ther  will  it  be  changed,  if  in  fome  Places  the  Part  cohere  with  one 
another  quite  to  the  Surface,  as  that  really  is  the  Cafe.  Therefore 
the  Surface  of  the  Sea  has  a  Figure  deprefled  at  the  Poles. 

Since  therefore  the  Shores  every  where  are  raifed  but  a  little  above 
the  Surface  of  the  Sea,  which  contains  the  Earth,  it  follows  that 
the  Earth  is  doubtlefs  of  the  fame  Figure  as  the  Sea. 

As  to  what  relates  to  the  Figure  itfelf,  it  can  be  only  determined  4317» 
from  immediate  Meafures  and  actual  Obfervations ;  as  we  fhall  fhew 
in  the  Scholia,  in  which  we  fhall  demonflrate  what  I  fhall  now 
fay. 

Let  e  PE  be  the  half  of  the  Sedtion  of  the  Earth  through  the  4318. 
Meridian;  C  the  Center;  P  the  Pole;  Ee  the  equatorial  Dia- Tab.  126, 


meter.  Fig.  9. 

This  equatorial  Diameter  contains  3399474  Rhynland Perches.  43 1 9* 
The  Axis  of  the  Earth  —  3380460.  43 20* 

Therefore  the  mean  Diameter  contains  3389940.,  432I# 

The  /. Equator  is  raifed  9534  Perches .  .  43 22* 


The  Ratio  between  the  Axis  and  the  Diameter  is  that  between  43 2  3° 
177,3  and  178,3. 
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The  Surface  of  the  Sea  mud:  befo  fitted  to  thofe,as  to  be  perpen¬ 
dicular  to  the  Direction  of  heavy  Bodies  *  ;  and  the  Tangent  I F, 
which  agrees  with  that  Surface  in  the  Point  I,  determines  the  ho¬ 
rizontal  Plane -f*.  But  it  is  plain  that  a  Line  perpendicular  to  the 
Tangent,  which  fhews  the  Direction  of  heavy  Bodies ,  as  I B,  cannot 
always  tend  to  the  Center  of  the  Earth . 

Tet  this  Line  determines  the  Height  of  the  Pole ;  for  that  Height 
is  equal  to  the  Angle  which  I F  makes  with  P  C  *,  or  I D,  which 
we  fuppofe  parallel  to  the  Axis,  that  is  perpendicular  to  e  E ;  this 
Angle  is  DIF,  to  which  I B D  is  equal. 

If,  having  drawn  i  l?  perpendicular  to  the  Surface  at  2,  the  Angle 
ib  D  is  greater  than  the  Angle  I B  D  one  Degree,  the  Points  I  and 
2  will  alfo  differ  one  Degree  in  Latitude  ;  and  the  Arc  I  i  is  of  one 
Degree  in  the  Meridian.  If  we  conceive  the  whole  Arc  PIE  thus 
divided  into  90  Degrees,  thefe  won't  be  equal  to  one  another ;  for 
every  oval  Figure  is  the  mod:  convex  at  the  Extremities  of  it’s 
greater  Axis,  and  the  lead:  fo  at  the  Ends  of  it’s  leffer  Axis  ;  whence 
it  follows  that  the  Concourfe  of  the  Lines  I  B,  i  b ,  that  is  the  Point 
A,  is  more  removed  from  the  Surface  the  more  I  comes  towards 
the  Pole  ;  for  A  is  the  Center  of  a  Circle,  which  coincides  with 
the  Arc  1 2,  and  the  Radius  of  the  Circle  is  fo  much  the  greater, 
as  the  Surface  is  lefs  curve ;  but  as  I  A  increafes,  the  Arc  1 2  does 
alfo  increafe.  Therefore  the  Degrees  increafe  as  you  go  towards  the 
Poley  and  the  Degree  at  the  Pole  is  the  greatejl ,  and  that  at  the 
/Equator  the  leaf. 

The  greateft  Degree  contains  29833,4  Rhynland  Perches;  and 
the  lead:  29334,15. 

Therefore  the  mean  Degree  is  of  29583,77  Perches.  This  De¬ 
gree  fcarce  differs  from  that  whofe  Latitude  in  it’s  middle  Point  is 
45  Degrees. 

Between  the  lead:  and  the  greated:  Degree,  there  is  a  Ratio  of 
59,75  to  58,75  ;  nearly  as  60  to  59.  . 

Gravity  alfo  differs  in  different  Latitudes,  it  is  the  lead:  under 
the  ^Equator  *,  and  the  greateft  under  the  Pole,  and  thefe  Gravi¬ 
ties  areto  one  another  as  201,5  t0  202j5* 

The  Length  of  a  Pendulum  which  performs  it’s  Vibrations  in  a 
Second,  was  exactly  meafured  by  the  famous  Monf.  Mairan ,  who 
found  it  to  be  440,57  Lines  of  the  Royal  Paris  Foot.  The  Height 
of  the  Pole  is  48  Deg.  50'. 

The  Pendulum  being  carried  to  Lapland ,  Obfervations  were 
made  there  in  the  Latitude  of  66  Deg.  48",  by  which  it  appeared 

that  this  Pendulum  had  performed  86217,5  Vibrations  in  the  fame 

Time 


3^7 


Time  that  at  Paris  it  had  only  performed  86 158,4  Vibrations, 
whence  it  appeared  that  the  Gravities  in  thofe  Places  were  to  one 
another  as  729,6  to  728,6  * ;  how  the  Gravities  of  all  the  Places  *  4328.. 
of  the  Earth  may  be  compared  by  this  Determination,  will  be  feen 
in  the  4th  Scholium ;  and  thefe  are  as  the  Lengths  of  Pendulums 
performing  their  Vibrations  in  equal  Times  *.  *  431. 

The  Length  of  a  Pendulum,  which  performs  its  Vibration  in  a  4336^ 
Second,  is  under  the  ^Equator  455,14  Lines  of  the  Rhynland  Foot, 
and  456,42  Lines  of  the  fame  Foot  at  Paris  ;  at  the  Latitude  of 
86  Deg.  48'  in  the  Village  of  Pello  in  Lapland  457,08  Lines  of  the 
fame  Foot;  and  at  laft  under  the  Pole  457,40  Lines. 

If  Bodies  fall  freely,  we  know  what  Space  they  go  through  in  4337- 
1"  *.  And  it  is  in  the  four  Places  we  have  mentioned,  if  we  *  415.374. 
make  ufe  of  the  Rhynland  Meafure,  of  the  following  Feet,  viz, 

i5>597-  IS>641 5  i5>663  ;  *£>674. 

A  Body  falling  by  a  mean  Gravity,  which  differs  equally  from  the  43  3  8«, 
greateft  and  the  leaft,  goes  through  15,635  Feet,  in".  How  to  deter¬ 
mine  the  mean  Gravity,  when  it  is  to  be  compared  with  that  Gra¬ 
vity  with  which  a  Body  removed  beyond  the  Atmofphere,  comes 
towards  the  Earth,  has  been  before  fhewn  *.  *  4080«, 


SCHOLIUM  I. 


Concerning  fome  Properties  of  the  Ellipfe, 

LET*  P'E  be  a  Semi-ellipfe  ;  E  *  it’s  greater  Axis  :  CP  it’s  lefier 
Semi-axis  ;  CD  any  Abfcifs  ;  D  I  an  Ordinate  anfwering  to  it;  * eE 
a  Semi-circle  whofe  Diameter  is  *  E. 

In  the  Ellipfe  we  have 

EDxD*  =  DKx*,  DP  :  :  CE*  =  Ce\,  CPaf. 

When  the  Squares  are  proportional,  the  Roots  alfo  are  proportional. 
Therefore  DK,  DI  :  :  Ce,  CP. 

If  therefore  a  Circle  be  defcribed,  whofe  Diameter  is  the  leffer  Axis 
of  the  Ellipfe,  and  HI  be  drawn,  an  ordinate  to  this  Axis,  cutting 
the  Circle  at  /,  we  demonftrate  in  the  fame  manner  this  Proportion  to 
be  given  H/,  H I  :  :  C  F,  C  E. 

The  other  Things  regard  the  Computations,  and  muft  be  treated  alge¬ 
braically. 

We  put  therefore  x  =  CE,  the  half  Axis  of  the  greater  Ellipfe. 

k  =  CP,  the  half  Axis  of  the  leaft. 
x  =  CD  =  HI,  any  Abfcifs. 
y  =  D  I,  anfwering  to  the  Ordinate, . 
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Befides  let  IF  be  the  Tangent  of  the  Ellipfe  at  I,  and  IB  perpendicular 
to  the  Ellipfe,  and  therefore  to  the  Tangent,  in  the  fame  Point  I ;  the  Point 
of  Concourfe  of  that  Perpendicular  with  the  next,  which  is  at  an  infi¬ 
nitely  fmall  Diflance,  that  is  A  I,  is  the  Radius  of  the  Convexity  of  the 
Ellipfe  at  I,  which  we  call  r  =  A I. 

The  Angle  IBD,  which  this  Perpendicular  A I  makes  with  the  Axis 
eE,  is  equal  to  the  Angle  DIF  *. 

Let  s  be  the  Secant  of  that  Angle  *, 

t  its  Tangent,  fuppofing  the  Radius  1 . 

Therefore  /  /+  1  z=:  ss*  and  s  s  —  tt  will  be  =  1 . 

Let  us  further  put  zz,  uu  :  :  1,  a  j 

uu 

Therefore  a  —  —  , 

And  a  z  is  the  Parameter  of  the  greater  Axis. 

Thefe  being  thus  put,  we  difcover  the  Value  of  the  remaining  Lines. 

sy  =  IF  ;  becaufe  1,  s  :  :  y9  IF. 

/)  =  DF-,  becaufe  1 ,  /  :  :  y,  D F. 

—  =  I B  ;  becaufe  /,  1  :  :  I F  (sy),  I B. 

—  =  D  B  ;  becaufe  /,  1  :  :  y,  D  B. 
t 

In  the  Ellipfe  it  is  as  we  have  feen  before  *. 

2  —  XX  z  +  x  —  zz  — xx ,  yy  :  :  zz,  uu  :  :  i,af. 

We  have  alfo  4f  CD,  C  E,  C  F  *;  that  is, 

-H-  x,  z,  #4"  ty ,  and  zz  =  xx  +  xty,  or  zz  —  xx  =  xty . 

And  the  foregoing  Proportion  f  is  chang’d  into  this, 

i  .  a  ::  x  ty,  yy  ::  x  t,  y. 

y 

Therefore  y  =  at lx,  or  x  =  — . 

y  at 

And  ax  =  —  =  DB  *. 

t 

If  in  the  ^Equation  z  z  =  xx  +  x ty  f,  for  y  we  fubftitute  a  t  x  *,  we  have 

_ 

zz  =  xx  +  dttxx  \  that  is,  zz  =  xx  x  1  +  att  3  and  zznx  x  1  +  aTK 

zz  z 

Whence  we  deduce  x  x  =  — : - *,  and  x  =  _  . ;  v  • 

i+att  i+attt* 

atz 

And  therefore  y  =  — . — -t  *. 

1  — |—  a  tt\ 

Between  the  Lines  DC,  DB,  there  is  a  conflant  Ratio  of  zz  to  uu, 
that  is,  1 ,  to  a*  \  for  they  are  x  and  a  x  *j\ 

ByConverfion  CD,  CB  :  :  1,  1 — a  :  :  Cd,Qb. 

Whence  it  follows  D  d  =  g  I,  B  b  ::  1,  1 — a. 

We  have  alfo  GI>£l  :  :  BF,  DF,  becaufe  of  the  Figures  I G  ig, 
FBID,  which  are  fimilar. 

Therefore 


Chap.  17.  of  Natural  Philofophy, 

Therefore  joining  the  Ratios 

GI,  :  :  BF,  D F— ^ D F. 

Becaufe  of  the  fimilar  Triangles  AG  I,  ABA, 

GI,  BA  :  :  AI,  AB  :  :  BF,  DF — 0DF  *. 

By  converting  and  inverting,  IB,  AI :  :  BD  +  ^  DF,  BF  =  BD+DF. 

Algebraically  *,  r  f  :  :  —  *  +  a  ty  f,  ~ 

t  t  t 

viding  the  Terms  of  the  laft  Ratio  by  and  multiplying  them  by  t> 

sy 

— ,  r  ::  1  +  /  /,  1  +  / J  =  jj  y . 
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-f-  ty.  That  is,  di-  *  4355. 
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,  .  ,  r  x  1 4 -attY  rrx\-\-att' 

And  whence  again  z  = - 7 -  and  zz  — 


s*a 


s6aa 


4 37°* 


Having  extracted  the  Cube  Root  from  each  Member  of  the  laft  ^Equation,  43  7 1 . 
you  have 

*  <%  *  ** 


x 

= 


r3  4.  rz att  f*  -\-r*att 


* 


ssa 


4 

1 


a3  -*{“  a3 1 1 


*  4349- 


4 

„7 


Whence  is  deduced  //  = 


a  4 

a7zs 


4  4  4 

a3z 7 — arT 


By  the  Help  of  the  ^Equations,  which  we  have  hitherto  drawn  from  4372. 
the  Nature  of  the  Ellipfe,  we  may  difeover  feveral  Lines  in  a  given  El- 
lipfe:  but  in  all  of  them  we  fuppofe  the  Form  of  the  Ellipfe,  or  the 
Ratio  between  the  Axes  to  be  known ;  but  if  a  be  fought,  and  the  Con¬ 
vexity  of  the  Figure  be  given  in  two  Points,  for  which  alfo  is  given  the 
Inclination  of  the  Tangent  to  the  Axis,  by  the  following  Method  we  lhall 
inveftigate  ah  ^Equation,  which  fhews  the  Value  of  a. 

r,  7,  and  t  are  given  *,  we  fuppole  r,  s,  and  t  to  fignify  the  fame  Quan-  4373» 
tities  given  for  another  Point.  Then  we  have 


rrxi  +  att*  rrxi  4-^tt! 

2:2;  =  - T- -  =  - rrr -  *. 

s  aa  o  aa 
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Whence  multiplying  the  ^Equation  bysbS6aa,  and  extrading  the  4374. 
Cube  Root  from  each  Member,  we  deduce  the  ^Equation. 

x  %  £  4 

r  3  SS  +  r 3  ^  /  /SS  =  r  3  r  3  ^  tt 
rf^j_  r^SS 

Which  gives  a  =  — - 7 - • 

r 3  / / S S  —  r  3  t tss 

Each  of  the  ^Equations  exprefs  the  Theorem,  which  is  made  ufe  of  in 
the  Computations  concerning  the  Figure  and  Magnitude  of  the  Earth,  and 
Vol.IL  Bbb  does 
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does  immediately  fhew  what  Operations  are  to  be  gone  through  for  the 
Solutions  of  particular  Queftions. 

SCHOLIUM  II. 

Concerning  the  Figures  of  the  Planets  in  general. 

,  *  r.  »  «  «•  •  r  -  f 

WE  have  faid,  that  fpherical  Planets  made  of  fluid  Matter,  change 
their  Figure,  by  their  Revolution  about  their  Axis  *  ;  we  fhall 
now  confider  this  Change,  and  immediately  apply  our  Reafonings  to  the 
Earth. 

Let  P  be  the  Pole  •,  C  the  Center  •,  E  e  the  Diameter  of  the  ^Equator ; 
we  conceive  the  Earth  fluid  and  homogeneous,  and  that  it  turns  about 
it’s  Axis.  We  fuppofe  that  it  has  acquired  the  Figure  e  P 1 E,  into 
whofe  Nature  we  are  firfl  of  all  to  inquire.  If  fome  of  the  Parts  cohere, 
the  Fluid  will  prefs  them  in  the  fame  manner  as  before  the  Cohefion,  and 
the  Figure  will  not  be  changed  •,  neither  can  it  be  changed,  although  in 
lome  Places  the  Parts  cohere  from  the  Center  quite  to  the  Surface  ;  there¬ 
fore  the  Surface  of  the  Sea  would  acquire  the  fame  Figure  then,  that  it 
would  do  if  the  Earth  was  wholly  fluid,  as  we  have  already  taught  *. 

Now  let  us  fuppofe  Tubes  to  be  placed  as  P  C,  H  I,  C  E,  which  com¬ 
municate  ;  the  Fluid  will  difpofe  itfelf  in  them,  at  thofe  Heights  in  P, 
I,  E,  at  which  it  was  before  *  *,  therefore  the  right  Columns  CP,  CE, 
will  be  in  Aequilibrio  j  as  alfo  the  right  Column  HP,  with  the  oblique 
one  H  t 

The  Earth  being  at  reft,  the  Columns  CP,  CE  are  equal,  as  alfo  C  P, 
C  F,  then  the  third  H  I,  which  is  in  the  farne  Cafe  &s  H  /,  is  equal  to 
the  Co-fine  of  the  Altitude  of  the  Pole. 

Let  us  fuppofe  Gravity  on  the  Surface  of  the  Earth  to  be  reprefented 
by  the  Radius  P  C  or  /  C,  or  F  C  \  then  the  Gravity  in  every  Point  will 
be  reprefented  by  the  Diftance  of  thofe  Points  from  the  Center  *  j  fo 
Gravity  at  L  is  as  LC,  and  at  /  as  /C. 

It  we  refolve  the  Gravity  adting  in  the  Diredtion  i  C,  into  two  PreF 
fures  along  id  and  i  H,  they  will  be  proportionable  to  thofe  Lines  *.  In 
tiie  fame  manner  if  the  Gravity  LC  of  the  Point  L  be  refolved  into  two 
Preffions  along  L /,  and  LH,  they  will  alfo  be  proportionable  to  thofe 
Lines. 

Whence  it  follows,  becaufe  i  H  and  dC  are  equal,  as  alfo  L  H  and  /C, 
if  we  reafon  in  the  fame  manner  concerning  all  the  Points  of  the  Line  /  H, 
that  the  whole  Preflion  of  the  Column  i  H,  againftthe  Point  H,  is  equal 
to  the  Weight  of  the  Column  d C. 

Now  it  we  fuppofe  the  Earth  to  turn  about  it’s  Axis,  the  Fluid  will  be¬ 
come  lighter  in  the  Tube  C  E,  and  Gravity  will  be  diminifhed  along  the 
whole  Length  of  the  Tube  according  to  the  fameRatip  5  for  fhat,  and  the 

centrifugal  Force  are  every  where  as  the  Diftance  from  the  Center  * ; 

therefore 
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therefore  in  Proportion  of  that  Diminution  of  Gravity  the  Column  C  E 
is  extended,  for  it  will  not  be  in  iEquilibrio  with  the  Fluid  in  the  Tube 
P  C,  unlefs  the  Height  of  that,  be  to  the  Height  of  this  ;  as  the  Gravity 
in  any  Point  of  this,  to  the  Gravity  in  a  correfpondent  Point  of  that. 
For  then  the  Column  EC  prelfes,  as  much  as  this  prefled  before  when  it 
had  the  Height  C  F  *,  and  becaufe  Gravity  is  always  unchanged  in  it’s 
Ratio  of  the  Diftance  from  the  Center,  the  Part  C  D,  which  prefixes,  as 
much  as  C  d  prefled,  is  had  by  this  Proportion : 

C d9  CD  :  :  CF,  CE. 

The  Earth  being  at  reft,  the  Angle  Points  of  that  Part  C  d  of  the  Co¬ 
lumn  C  E,  prefs  as  much,'  as,  in  that  Cafe,  the  correfpondent  Points  of 
the  Column  i  H,  do  ;  but  if  the  Earth  turns  about  it’s  Axis,  the  Column 
i  FI  is  moved  in  the  fame  manner  as  C  d  •,  and  the  Prefliire  of  this  in  each 
Point  is  changed  in  the  fame  manner  as  the  Prefliire  of  the  other ;  there¬ 
fore,  that  after  the  Prefliire  has  been  diminifhed  by  the  centrifugal  Force  * 
this  may  become  equal  to  the  Prefliire  that  it  had  before,  it  muft  extend 
itfelf  to  I,  fo  that  H I  may  become  equal  toCDj  and  the  like  Demon- 
ftration  may  be  applied  to  all  the  Lines  as  H  L 

When  the  Figure  of  the  Earth  is  changed  by  its  turning  about  it’s 
Axis,  the  Diftance  CP  is  diminifhed,  but  the  Demonftration  is  not 
changed  *,  for  C  P  remaining  the  fame,  we  may  fuppofe  Matter  to  be 
added  outwardly,  as  much  as  is  wanting  to  reftore  the  ^Equilibrium. 

We  have  therefore  this  Property  of  the  acquired  Figure,  H  i  Cd  is 
to  HI  ==  CD,  as  C  F  is  to  C  E  *4  whith  is  the  Property  of  the  Ellipfe  f.  * 

We  muft  obferve  beftdes,  that  the  Figure  muft  neceflarily  be  fo  chang-  f 
ed,  that  the  Direction  of  Gravity  may  be  perpendicular  to  the  Surface, 
otherwife,  in  refpedt  of  fluid  Subftances,  the  Figure  would  again  be 
changed  by  their  flowing  *,  therefore  the  Earth  can  only  acquire  an  el¬ 
liptic  Figure  in  thofe  Cafes,  in  which,  fuppoflng  it  to  be  fuch,  the  Di¬ 
rection  of  Gravity  is  perpendicular  to  the  Surface,  which  only  obtains, 
when  the  Circle  differs  but  little  from  an  Ellipfe,  which  happens  in  the 
Earth. 

We  have  fuppofed  Gravity  at  i  to  be  reprefented  by  i  C  *,  whence  we 
have  deduced  the  Prefliire  along  i  H,  to  be  exprefled  by  that  Line  itfelf ; 
and  therefore  that  i  I  reprefented  the  Diminution  of  Prefliire  from  the 
Revolution  5  for  the  intire  Prefliire  muft  be  increafed  by  that  Quantity, 
that  the  ^Equilibrium  may  be  reftored,  when  it  is  diminifhed  by  the  Re¬ 
volution  about  the  Axis. 

The  Particle  at  i  is  then  drawn  along  i  C,  and  i  I,  by  Forces  propor¬ 
tionable  to  thofe  Lines,  and  drawing  I  c9  parallel  to  i  C,  the  Particle  is 
driven  along  i  c,  by  an  Adtion  proportional  to  that  Line  *.  * 

By  thefe  Adtions,  the  Particles  are  prefled  every  where  between  i  and 
I,  and  the  Direction  of  Gravity  in  I  is  parallel  to  i  c,  and  alfo  propor* 
tional  to  that  Line,  as  long  as  i  I  is  fmall ;  if  the  Earth  remaining  fphe- 
rical,  there  fhould  be  given  a  Particle  at  I  feparated  from  the  Earth,  the 
Change  of  the  Direftion  of  Gravity  on  account  of  the  centrifugal  Force 

B  b  b  2  would 
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would  be  fomething  lefs,  becaufe  the  Diredtion  of  Gravity  itfelf  would 
not  be  /  C  or  I  c,  but  I C  *,  now  Matter  added  increafes  the  Deflection, 
and  the  Direction  of  Gravity  I G,  as  to  Senfe  is  parallel  to  %c\  and  there¬ 
fore  as  to  Senfe  it  is  alfo  perpendicular  -to  the  Curve  at  I,  as  I  fhall  de¬ 
duce  from  what  has  been  before  demonftrated. 

We  confider  the  Figure  differing  but  little  from  aCircle,  therefore  C  rand 
t  G  muft  be  fmall,  in  refpeCt  of  DC  -,Cc  and  c G  are  alfo  equal  as  to  Senfe* 
this  laft  fcarce  wanting  any  thing  of  I  i  *,  therefore  DC,  D  c,  D  G  are  in 
continued  Proportion  *,  at  leaft  they  may  be  looked  upon  as  fuch  with¬ 
out  any  fenfible  Error 

Since  the  following  are  equal  IH,  DC,  as  alfo  li,  C  c  ;  i  H  will  alfo  be 
equal  to  D  c 

But  CE,  CF  =  CP  :  :  IH,  i  H  *. 

Therefore  C  E,  C  P  :  :  D  C,  D  c. 

And  CE4,  CP4:  :  DC%  Dc4  :  :  DC,  DG+. 

Whence  it  follows  that  I G  is  perpendicular  to  the  Ellipfe  *,  which  was 
to  be  demonftrated. 

From  what  has  been  demonftrated  in  N°4388.  it  follows  that  Gravity 
is  the  greateft  of  all  under  the  Pole,  and  that  it  is  continually  diminifhed 
receding  from  the  Pole,  and  the  leaft  of  all  under  the  Equator,  as 
we  have  taught  *. 

Now  to  determine  the  Law  of  this  Diminution,  let  us  conceive  the 
Arc  c  n  to  be  defcribed  with  the  Center  i,  through  the  Point  f;  C»  ex- 
preffes  the  Diminution  in  Queftion  *,  for  C  i,  equal  to  C  P,  ftiews  the 
Gravity  under  the  Pole,  and  i  c  the  changed  Gravity,  which  we  want. 

The  Diminution  of  Gravity  under  the  Equator  is  as  F  E,  when  the 
Gravity  under  the  Pole  is  expreffed  by  C  P,  as  we  have  feen  *  •,  there¬ 
fore  the  Diminution  under  the  Equator  is  to  the  Diminution  at  I,  as 
FE  to  C»;  that  is  in  the  Ratio  compounded  of  FE  to  li,  and-  of  that 
to  C  n. 

The  firft  of  thefe  Ratios,  namely  that  of  F  E  to  I  i,  is  that  which  is 
given  between  C  F,  or  C  i,  and  i  H  *  The  fecond  which  is  given  be¬ 
tween  I  i  and  C  n ,  is  the  fame  with  the  firft  ;  for  I  i  is  equal  to  C  c ,  and 
C  c  is  to  C  n,  as  C  /  to  i  H,  by  reafon  of  the  fimilar  Triangles  C  i  H  and 
C  c  n  \  becaufe  the  little  Arc  c  n  may  be  confidered  as  a  right  Line  per¬ 
pendicular  to  C i.  Therefore  the  Ratio  between  FE  and  Cn  is  the  du¬ 
plicate  Ratio  of  that  which  is  given  between  C  i  and  i  H ;  and  therefore 
the  ’Diminution  of  Gravity  is  every  where  as  the  Square  of  the  Line  i  H, 
that  is,  as  the  Square  of  the  Co-Jine  of  the  Latitude  of  the  Place. 

Gravity  is  increafed  receding  from  the  .Equator,  till  it  is  the  greateft 
of  all  under  the  Pole  •,  and  the  Augmentation  every  where,  is  the  Diffe¬ 
rence  between  the  greateft  Diminution,  namely  that  which  has  place  under 
the  Equator,  and  that  which  obtains  in  the  Place  in  Queftion :  there¬ 
fore  in  I  that  Augmentation  is,  as  the  Difference  of  the  Squares  C  i 
i*  and  H  i,  which  is  equal  to  the  Square  of  H  C  *,  ox  id-,  that  is,  the  In - 
creafe  of  Gravity ,  in  anv  Place,  is  as  the  Square  of  the  Sine  of  the  Latitude 
of  the  Place.  I  have 


I  have  considered  no  other  Change  of  Figure  but  that  arifing  from  the 
centrifugal  Force,  but  there  is  another  Change  of  Figure  joined  with  it ; 
for  fince  Gravity  tends  to  every  Particle  of  Matter,  the  refpedtive  Situa¬ 
tion  of  thofe  Particles  being  changed,  the  Gravity  of  the  Particles  com¬ 
pounding  the  Planet  is  fo  changed,  that  even  fetting  afide  the  centrifugal 
Force,  Bodies  are  lighter  under  the  Equator  than  at  the  Poles*.  Whence  * 
it  follows,  that  a  Planet  is  more  depreffed  at  the  Poles,  when  it  revolves 
about  it’s  Axis,  than  what  follows  from  the  centrifugal  Force  alone. 

In  all  tltefe  Cafes  we  have  fuppofed  the  Planet  homogeneous,  and  in- 
veftigating  the  Thing  farther,  what  would  be  the  Figure  of  it,  that  is, 
what  would  be  the  Ratio  between  the  Axis  and  the  equatorial  Diameter, 
in  fuch  an  Hypothecs  *,  but  the  Meafures  taken  in  feveral  Places  of  the 
Earth  do  not  agree  with  fuch  a  Figure. 

Therefore  we  will  examine  how  the  Figure  of  a  Planet  may  be  diffe¬ 
rently  varied  by  it’s  Motion  round  it’s  Axis,  according  to  it’s  different 
Conftitution,  though,  fetting  afide  the  faid  Motion,  we  conceive  it  to  be 
fluid  and  fpherical,  but  of  different  Denfity,  at  different  Diftances  from 
the  Center ;  but  we  muft  return  to  the  Cafe  which  we  have  examined. 

We  conceive  a  Planet  fpherical,  at  reft,  of  homogeneous  and  fluid 
Matter.  A  Column  as  C  E,  is  drawn  towards  the  Center  by  Gravity  *, 
if  the  Planet  turns  about  it’s  Axis,  that  Gravity  is  diminifhed  by  the  cen¬ 
trifugal  Force  i  the  Figure  of  the  Planet  is  then  changed,  and  depreffed 
at  the  Poles  as  we  have  ftiewn  *.  But  it  appears  clearly  that  this  Change  * 
of  Figure  depends  upon  the  Ratio  which  is  between  the  centrifugal  Force 
and  Gravity  *,  which  we  alfo  refer  to  the  fecond  Caufe  of  Change,  which 
follows  from  this  firft  f.  * 

The  Figure  of  a  Planet  is  more  changed ,  and  more  raifed  under  the 
iEquator,  and  therefore  depreffed  under  the  Poles,  if  other  things  remain  - 
ing  as  they  are ,  the  centrifugal  Force  he  increafed ;  for  this  Force  diminifhes 
the  Gravity,  and  is  the  Caufe  of  extending  the  Column  CE. 

Neither  is  it  lefs  evident,  that  the  fpherical  Figure  is  alfo  the  more 
changed ,  if  the  centrifugal  Force  remaining ,  the  Gravities  of  the  Co¬ 
lumns  CP,  CE  are  lejfened *,  if  for  Ex.  the  Gravity  of  the  Column  CE 
be  diminifti’d  one  hundredth  Part  of  the  centrifugal  Force,  the  Height  CE 
will  exceed  C  P  by  fuch  a  Part ;  and  by  reducing  the  Gravity  of  the  Co-- 
lumns  to  half,  the  centrifugal  Force,  which  we  fuppofe  to  remain  the 
fame,  which  was  the  hundredth  Part  of  the  former  Gravity,  is  now  equal 
to  two  hundredth  Parts  of  the  laft  Gravity,  and  the  Height  C  E  will  ex¬ 
ceed  the  Height  C  P-one  50th  Part,  and  therefore  will  more  change  the 
Figure. 

Let  us  again  conceive  the  Planet  fpherical,  made  of  fluid  Matter,  or  at 
leaft  foft  enough,  of  the  fame  Denfity  at  equal  Diftances  from  the  Cen¬ 
ter,  but  which  grows  continually  denfer  receding  from  it.  If  fuch  a 
Planet  revolves  round  ic’s  Axis,  the  Figure  will  be  changed,  and  what 
we  have  demonftrated  of  the  ^Equilibrium  of  the  Columns  PC,  C E, 
will  alfo  have  Place  here. 
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If  we  compare  fuch  a  Planet  with  an  homogenous  one  of  the  fame 
Bignefs,  and  which  contains  an  equal  Quantity  with  the  heterogeneous 
one  propofed,  all  the  Angle  Columns  which  tend  from  the  Surface  to  the 
Center,  will  have  lefs  Gravity  in  the  heterogeneous  than  in  the  homo¬ 
geneous  Planet. 

For  if  the  homogeneous  Planet  being  given,  the  Matter  be  every  where  re¬ 
lieved  tozvards  the  Surface ,  and  fo  the  Denfity  be  increafed  in  receding  from 
the  Center ,  and  the  Point  H  be  taken  at  Pleafure,  which  we  fuppole  to 
be  transferred  to  h ,  then  the  Matter,  which  was  contained  in  the  Globe 
whofe  Semi-diameter  was  C  H,  will  row  fill  a  greater  Globe,  whofe  Semi¬ 
diameter  is  C£,  and  in  that  laft  Cafe  he  Quantity  of  Matter  is  the  fame, 
which  draws  that  Particle  towards  t  Center*  ;  wherefore  the  Gravities 
of  this  Particle  in  thefe  different  Circum  fiances,  are  in  a  duplicate  inverfe 
Ratio  of  the  Diftances  C  H,  C  h  *,  and  tiie  Gravity  is  lefs  in  the  hetero¬ 
geneous  Globe. 

But  this  Demonftration  may  be  referred  to  every  one  of  the  Parts  of  the 
whole  Globe,  according  to  whatever  Law  the  Denfity  increafes  receding 
from  the  Center,  becaufe  all  the  Particles  are  removed  from  the  Center, 
when  none  but  the  Particles  in  the  Surface  remain,  and  keep  their  Gravity ; 
and  therefore  every  one  of  the  Columns  extended  from  the  Surface  to  the  Center , 
whofe  Gravity  is  made  up  of  the  joint  Gravities  of  the  Particles,  become 
lighter . 

In  fuch  a  changed  Planet  alfo,  the  centrifugal  Force  of  every  one  of  the 
Particles ,  except  thofe  that  are  in  the  Surface ,  is  increafed  *  *  for  each  of  them 
deferibe  bigger  Circles  than  in  the  homogeneous  Planet. 

Therefore  heterogeneous  Planets ,  fuch  as  we  have  above  deferibed  *f,  while 
they  revolve  about  their  Axis ,  do,  upon  a  double  Account,  change  their 
Figure  more  than  homogeneous  ones  *. 

We  prove  by  a  like  Demonftration,  that  Planets  do  lefs  change  their  Fi¬ 
gure ,  that  is,  are  lefs  depreifed  at  the  Poles,  if  the  'Denfity  be  increafed  in 
going  towards  the  Center . 

Hitherto  we  have  confidered  a  fpherical  Planet  when  it  is  at  reft  \  it 
may  alfo  have  another  Figure,  if  we  fuppofe  a  Kernel  or  Nucleus  of  folid 
Matter  in  the  Middle  :  for  if  in  fuch  a  Cafe  it  has  the  Figure  of  a  Spheroid, 
and  be  encompafted  round  with  fluid  Matter,  the  Figure  of  the  Planet 
will  be  different,  according  to  the  different  Figure  of  the  Nucleus,  and 
it’s  Denfity. 

But  whatever  Figure  a  Planet  has,  it  is  depreffed  towards  the  Pole  by 
it’s  Motion  about  it’s  Axis,  and  the  asquatorial  Diameter  is  increafed ; 
but  it  does  not  neceflarily  follow  from  thence  that  that  Diameter,  how¬ 
ever  increafed,  exceeds  the  diminifhed  Axis  •,  fo  that  nothings  except  from 
immediate  Obfervations ,  can  be  determined  concerning  the  Figure  of  a  Planet ; 
which  Method  we  ftiall  follow  in  the  next  Scholium  for  determining  the 
Figure  of  the  Earth. 
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SCHOLIUM  III. 

How  to  determine  the  Figure  of  the  Earth. 

WE  have  faid  that  the  Earth  was  not  fpherical,  but  that  the  aequa-  44 1  3, 
torial  Diameter  was  longer  than  the  Axis  *,  and  therefore  that  it  *  4311. 
had  fuch  a  Figure  as  it  might  have  acquired  by  a  Motion  about  it’s  Axis, 
if  it  had  been  fpherical  -f“;  and  as  this  Figure  differs  but  very  little  from  a  4008, 
Circle,  we  fuppofe  the  Se&ion  through  the  Axis,  that  is  the  Plane  of  a 
Meridian  to  make  an  Ellipfe,  one  of  whofe  Axes  is  the  Diameter  of  the 
^Eqyator  *.  *  43 

We  alfo  fuppofe  that  the  Decrements  of  Gravity,  receding  from  the  4414. 
Pole,  follow  the  duplicate  Ratio  of  the  Co-fines  of  the  Latitudes  of 
Places  * ;  that  is  that  the  Increafes  of  Gravity,  receding  from  the  TEqua-  *  4395- 
tor,  follow  the  duplicate  Ratio  of  the  Sines  of  the  fame  Latitudes  of 
Places  f.  f  4397. 

We  have  fhewn  that  the  Figure  muff  be  determined  from  Obfervati-  4115. 
ons  *  for  that  Reafon  therefore  we  have  cbofen  two  Meafures  taken  in  *  4412- 
different  Places,  that  is  in  Lapland  and  in  France^  and  defcribed  in  two 
fmall  Treatifes  by  the  famous  Monf.  de  Maupertuisr  to  whom  they  are 
principally  owing.  We  prefer  thefe  to  others  taken  in  various  other 
Countries  •,  becaufe  it  is  plain  from  the  Defcription  of  the  Inflruments, 
and  the  Cautions  which  the  Obfervers  affirm  that  they  took,  they  could 
fall  into  but  very  fmall,  and  fcarce  fenfible,  Errors. 

What  relates  to  Gravity,  we  deduce  from  the  Length  of  a  Pendulum  4416. 
vibrating  Seconds,  meafured  in  France  with  the  utmoft  Care  by  that  fa¬ 
mous  Philofopher  Monf.  de  Mairan ,  and  from  the  Gbfervations  made  by 
the  fame  French  Mathematicians  who  took  Pains  about  meafuring  the  Fi¬ 
gure  of  the  Earth  in  Lapland ,  with  the  fame  Pendulum  in  both  Coun¬ 
tries,  viz.  France  and  Lapland . 

Now  let  C  P  be  the  Semi-axis  of  the  Earth ;  E  e  the  Diameter  of  the  44*7, 
jEquatcr  ;  and  PI  E  an  Arc  of  the  Meridian.  A  fmall  Part  of  that  Me¬ 
ridian  i  I  is  meafured  by  furveying  on  the  Surface  of  the  Earth  itfelf. 

Now  if  we  conceive  the  Lines  h  ?,  B  B,  which  we  fuppofe  vertical,  and 
therefore  perpendicular  to  the  Surface  of  the  Earth,  to  be  continued  to 
the  fixed  Stars,  an  Arc  in  the  Heavens  intercepted  between  thofe  Lines 
is  meafured  by  Aflronomical  Gbfervations  ^  that  is,  an  Arc  which  mea¬ 
fures  the  Angle  I A  /,  and  determines  the  Arc  L,  in  the  Meridian. 

By  fuch  Operations  it  has  been  clifcovered,  that  the  Arc  I  /,  where  the  4418,- 
Angle  I  Ai  is  of  o.  Deg.  contains  55023,47  French  Toifes  (or 

Fathom)  when  the  Latitude  of  the  middle  Point  of  the  meafured  Arc 
was  of  66  Deg.  20'.  From  which  it  follows'  that  a  Degree  of  the  Meri¬ 
dian  between  the  Points  of  Latitude  of  65  Deg.  50»  .  and  66  Deg.  50'  con¬ 
tain  57437,9  French  ToiJes\  that  is  2975b  Rhynland  Perches. 

It 
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It  has  alfo  appeared  from  fuch  kind  of  Obfervations,  that  a  Degree  of 
the  Meridian  between  the  Latitudes  of  48  Deg.  52',  and  49  Deg  52'  con¬ 
tains  57183  French  Toifes ,  or  29620 Rhynland  Perches. 

The  Bignefs  of  one  Degree  being  given,  one  may  eafily  find  the  Ra¬ 
dius  of  the  Circle  •,  for  the  Radius  is  to  one  Degree,  as  180  x  1 13  to 
355,  that  is  as  4068  to  71 ;  therefore  we  eafily  determine  the  Radii  of 
the  Convexity  in  the  middle  Points  of  the  mentioned  Degrees,  that  is, 
we  have  r  for  two  Places  •,  in  which  the  Angles  as  I B  E,  which  the  Per¬ 
pendiculars  to  the  Surface  make  with  the  Plane  of  the  ^Equator,  are  of 
66  Deg.  20',  and  49  Deg.  22'. 

Let  us  therefore  fuppofe  r,  s  and  t  to  (land  for  thofe  Things,  which 
above  were  expreffed  by  the  fame  Letters,  but  that  they  belong  to  the 
firft  Angle  ;  that  is,  r  is  the  Radius  of  Convexity,  fuppofing  the  Lati¬ 
tude  of  66  Deg.  20'*;  t  is  the  Tangent,  and  s  the  Secant  of  the  fame 
Angle  f  ;  in  the  fame  manner  we  fuppofe  r,  t,  s,  to  exprefs  the  fame 
Quantities  for  the  Latitude  of  49  Deg.  22';  in  all  which  we  fuppofe  the 
Radius  of  the  Circle,  when  /,  s9 1  s,  exprefs  the  faid  Quantities,  to  be 
equal  to  Unity,  as  above  *. 

All  that  we  have  explained  concerning  the  Computation  of  the  Lines 
in  an  Ellipfe  in  the  ift  Scholium,  may  be  referred  to  the  Earth,  whofe 
Section  through  the  Meridian,  we  fuppofe  to  be  reprefen  ted  by  the  ninth 
Figure  itfelf.  '  v  v  :  v  • 

But  before  all  things  we  muft  determine  the  Proportion  between  the 
Axes  of  the  Ellipfe,  that  is,  between  C  P  and  C  E,  or  u  and  z  *. 

We  therefore  feek  a\  •  becaufe  1,  a  :  :  zz9  uu*.  The  Computa- 

X  X 

tion  is  eafy  by* Logarithms  ;  and  we  find  r  T  s s  =  136900,7  ;  r 3  ss  = 


52171,2* 
duce  a  = 


r  3  tt  s  s  ==  271604  ; 
84720,5  # 

85688,1. 


r  T  tt  ss  =  185916,9  *,  whence  we  de- 


That  is,  2;,  :  178,3.  177,3.  nearly. 

We  have  now  two  Ways  to  difcover  2  (CEJ-f  whether  we  make  ufe 
of  r,  j,  t ,  or  r,  s,  t,  *  *  and  E  e  the  Diameter  of  the  ^Equator  is  of 
3399474  Rhynland  Perches;  whence  we  deduce,  that  the  Axis  contains 
3380406  Perches  f.  And  the  mean  Diameter  is  of  3389940  Perches. 
We  find  the  Radius  of  Convexity  in  any  Point,  when  it’s  Latitude  is 

given  by  this  ^Equation,  r  =  -  --—^—7  *. 

i  +  attY 

Under  the  Pole  the  Angle  I  BE  is  a  right  one ;  therefore s  and  t  are  equal 

<  • ,  % 

and  infinite ;  therefore  r  z —  .  Then  the  Radius  of  Convexity  is 

V a 


the  greateft  of  all. 

But  the  Convexity  is  the  greateft,  and  the  Radius  of  Convexity  the  leaft, 
under  the  ^Equator.  Then  s  =  1,  and  /  =  03  whence  r  =  a  z. 
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We  may  difcover  the  Magnitude  of  a  Degree  of  Latitude  from  the  442<} 
Radius  of  Convexity;  for  4068,71  :  ;  r,  to  the  required  Degree  *  :  and*  4420. 
thus  we  have  determined  the  greateft  and  the  leaft  Degree  f .  If  the  Mag-  f  43  30. 
nitudeofany  Degree  ofLadtudewhateverbe  given,  the  Radius  of  Convexity  4430' 
is  determined  *  ;  and  the  Latitude  to  which  this  anfwers,  may  be  dif-  *  4420 


covered  by  the  following  ^Equation, 


2 

T 


tt  = 


r  *  — 


„7  rs. 

a  Z 


2 

.7 


I  t ;  for  the  4  4371.4331. 


a  z  —  a  r 

Tangent  being  given,  the  Angle  is  given.  What  has  been  faid  of  the  443  r. 
Place  of  the  mean  Degree  is  built  upon  this  Computation. 

We  alfo  now  eafily  find  the  Radius  of  any  Circle  of  Latitude,  namely 

z 

HI  =  CD  =  #;  for  #==  - — ;  *5  and  4068,71  :  :  *•,  to  the-*  4362. 


Degree  of  Longitude  in  that  Latitude  f. 
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SCHOLIUM  IV. 

The  Determination  of  Gravity  in  different  Places. 

•  » 

WE  have  feen  before  from  Obfervations  made  with  a  Pendulum  4432. 

carried  from  one  Place  to  another,  that  it  is  evident,  that  Gravity 
at  the  Altitude  of  the  Pole  of  48  Deg.  50'.  is  to  the  Gravity  under  the 
Altitude  of  the  Pole  of  66  Deg.  48',  as  728,6  to  729,6  *  -9  which  being*  4335. 
given,  the  Gravities  in  all  Places  of  the  Earth  are  compared  together,  by 
calling  to  our  Afiiftance,  what  we  have  demonftrated  above  f,  and  this  44414.4397, 
is  the  Rule. 

As  the  Difference  of  the  Squares  of  the  Sines  of  the  faid  Angles  of  66°.  48' ;  4433. 

and  48°.  to  the  Difference  of  the  Square  of  the  Sines  of  one  of  thefe  Angles , 

'  and  of  any  Angle  given  ;  fo  is  the  Difference  of  the  Gravities  in  the  firft  of 
thefe  Places ,  to  the  Difference  of  the  Gravities  in  the  laft . 

But  all  the  Computations  become  more  fimple  if  firft  we  difcover  the  4434,  1 
Gravity  under  the  ^Equator,  becaufe  the  Sine  of  Latitude  and  therefore 
it’s  Square  =  o. 

The  Lengths  of  Pendulums  which  perform  their  Vibrations  in  equal  4435. 
Times,  are  to  one  another  as  the  Gravities  *,  and  are  compared  together  *  431. 
in  the  fame  manner  as  them. 

We  have  feen  that  the  Length  of  a  Pendulum,  which  vibrates  Seconds  4436. 
at  Paris ,  is  440,57  Lines  of  the  Paris  Foot,  and  therefore  456,42  Lines 
of  the  Rhynland  Foot,  whence  we  reafon  thus  v 

728,6;  729,6  :  :  456>42  5  457*08  *.  s  ^  *  4335-431- 

And  we  have  the  Length  of  a  Pendulum  for  an  Height  of  the  Pole 
of  66°.  48'. 

As  the  Difference  of  the  Squares  of  the  Sines  of  the  Latitudes  66°.  4437- 

48'.  and  48°.  50'.  to  the  laft  Square,  fo  the  Difference  of  the  Lengths 
Vol.  II.  Ccc  found. 
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found,  0,66  to  the  Difference  of  the  Paris  Pendulum  from  the  Pendu¬ 
lum  under  the  ^Equator  *,  which  is  difcoverecj.  to  be  1,28;  and  the 
Length  of  that  Pendulum  is  455,14. 

As  the  Square  of  the  Sine  48°.  50'.  to  the  Square  of  the  Radius,  fo  is 
1,28  to  2,26  the  Difference  of  the  Length  under  the  ^Equator  and  the 
Pole,  in  which  Place  therefore  the  Length  of  a  Pendulum  is  557,40. 

For  any  other  Latitude  whatever  we  work  thus  :  As  the  Square  of  the 
Radius,  namely  of  the  Sine  of  the  Latitude  of  the  Pole  itfelf,  is  to  the 
Square  of  the  Sine  of  the  given  Latitude,  fo  is  2,26,  the  Length  to  be 
added  to  a  Pendulum  under  the  iEquator  to  have  the  Pendulum  under 
the  Pole,  to  the  Length  to  be  added  to  that  fame  Pendulum  under  the 
/Equator,  to  have  a  Pendulum  that  will  vibrate  Seconds  in  a  Place  pro- 
pofed  *. 


CHAR  XVIIL 

The  phyfcal  Explanation  of  the  Motion  of  the 

Earth's  Axis. 

THAT  the  Nodes  of  the  Moon  go  back,  that  is,  are  moved 
in  Antecedentia  * ,  and  that  the  Inclination  of  it’s  Orbit  is 
liable  to  Change  •f,  we  have  already  demonftrated ;  let  us  conceive 
feveral  Moons  to  be  at  the  fame  Diftance,  revolving  in  equal 
Times  about  the  Earth,  in  a  Plane  inclined  to  the  Plane  of  the 
Ecliptic ;  it  is  evident  they  will  all  be  agitated  by  the  fame  Mo¬ 
tions  :  Let  us  conceive  the  Number  of  the  Moons  to  be  increafed, 
fo  as  to  touch  one  another,  and  form  a  Ring,  whofe  Parts  cohere; 
whilft  one  Part  of  the  Ring  is  attracted,  to  increafe  the  Inclination* 
the  other  Part  is  agitated  by  a  contrary  Motion,  to  diminifli  it's  In¬ 
clination  *  ;  the  greater  Force  in  this  Cafe  prevails,  that  is,  in  the 
Motio n  of  the  Line  of  the  Nodes,  from  the  Quadratures  towards  the 
Syzygies ,  the  Inclination  of  the  Ring  is  diminijhed  in  each  of  if  s  Re¬ 
volutions  * ;  and  it  is  the  leaf  of  all  when  the  Line  of  Nodes  is  in  the 
Syzygies  -f*.  On  the  contrary  it's  Inclination  is  increafed ,  when  the 
Line  of  Nodes  is  carried  from  the  Syzygies  towards  the  Quadratures 
and  it  is  the  greatef  of  all ,  when  the  Line  of  the  Nodes  is  in  thefe 
laf  .  The  Line  of  the  Nodes  is  continually  carried  in  Anteceden¬ 
tia,  nnlefs  when  it  is  at  ref  in  the  Syzygies  *. 

If  the  Quantity  of  Matter  in  the  Ring  be  dimini  fed  it's  Motions 
will  not  be  changed ;  becaufe  they  depend  upon  Gravity,  which  adts- 
equally  upon  every  Particle  of  Matter 
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If  the  Diameter '  of  the  Ring  be  dminijhed ,  thefe  Motions  are  di-  44/r 
minifhed  in  a  Ratio  of  this  Diminution  *,  but  none  of  them  wholly  *  4302» 
vanifh ;  and  it  is  agitated  by  the  fame  Motions  though  lefs. 

Let  us  conceive  the  Earth  to  be  fpherical;  and  in  the  Plane  of 
the /Equator,  which  makes  an  Angle  of  23  Deg.  29  Min.  with 
the  Plane  of  the  Ecliptic,  let  there  be  a  Ring,  revolving  in  the 
fame  Time  as  the  Earth ;  let  it  be  diminifhed  fo  as  to  touch  the 
Earth  and  cohere  with  it ;  by  this  the  aforefaid  Motion  of  the 
Ring  will  not  be  deftroyed ;  for  fince  the  Earth  is  kept  in  a  deter¬ 
minate  Situation  by  no  Force,  it  yields  to  the  Impreffions  of  the 
Ring,  whofe  Agitations  are  yet  diminifhed,  the  Matter  to  be  moved 
being  increafed,  and  the  moving  Force  remaining  the  fame. 

And  this  is  truly  the  Cafe ;  for  the  Figure  of  the  Earth  is  fphe¬ 
rical,  encompaffed  with  the  Ring  at  the  /Equator,  whereby  the 
Earth  is  more  elevated  towards  the  /Equator  *,  the  Line  of  Nodes  *  4311. 
of  which  Ring  is  the  Section  of  the  Planes  of  the  /Equator  and 
Ecliptic.  Whence  we  deduce  the  following  Conclufions. 

In  the  /Equinoxes,  the  Inclination  of  the  /Equator  is  lead  of  all  *  $  4448. 

and  therefore  the  Inclination  of  the  Axis  is  the  great  eft ;  for  it  makes  *  4441. 
a  right  Angle  with  the  Plane  of  the /Equator  -f*.  Afterwards,  the  -f-  3879. 
Inclination  of  the  /Equator  is  increafed,  that  is,  the  Inclination  of  the  4449. 
Axis  is  diminijhed,  till  the  Sun  comes  to  the  Solfices ,  where  this  In¬ 
clination  of  the  Axis  is  the  leaf  of  all ,  and  that  of  the  /Equator  is  the 
greateft  *.  *  4442. 

Therefore  twice  in  a  Year  the  Inclination  of  the  Axis  of  the  Earth 
is  diminijhed  and  twice  increafed .  And  the  Seftion  of  the  Plane  of 
the  /Equator  with  the  Plane  of  the  Ecliptic ,  which  is  at  ref  in  the 
/ Equinoxes ,  the  ref  of  the  Yime  is  moved  in  Antecedentia 

The  Plane  of  the  /Equator  is  alfo  inclined  to  the  Plane  of  the 
Moon’s  Orbit ;  for  it  makes  a  fmall  Angle  with  the  Plane  of  the 
Ecliptic  J;  and  therefore  the  Moon  ads  in  the  fame  manner  upon*  3742, 
the  Ring  as  the  Sun ;  and  although  the  Moon  be  lefs,  yet,  becaufe 
it  is  much  lefs  diftant  than  the  Sun,  it  exerts  a  greater  Adion  upon 
the  Ring.  Wherefore  alfo  the  Inclination  of  the  Axis  of  the  Earth 
to  the  Plane  of  the  Moon’s  Orbit  *  (and  confequently  to  the  Plane  * 
of  the  Ecliptic)  is  twice  changed  in  every  Revolution ,  and  twice  r e- 
fiored  by  the  Atiion  of  the  Moon  :  and  the  Setfion  of  the  Plane  of  the 
/ Equator ,  with  the  Plane  of  the  Moon’s  Orbit  *  is  carried  in  An-  * 
tecedentia :  From  which  Motion  it  neceffarily  follows,  that  the  Sec¬ 
tion  of  the  Plane  of  the  /Equator,  with  the  Plane  of  the  Ecliptic ;  - 

changes  it's  Place ,  ,f 
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4454.  The  Changes  of  the  Inclination  of  the  Axis  are  too  ftnall  to  be  ob - 
4455*  ferve  d 3  but  the  Change  of  Place  of  the  Line  of  the  /Equinoxes,  and  the 
Motion  of  the  Axis  which  follows  from  it,  being  always  carried  the 
fame  Way,  at  lafi  becomes fenfble 3  and  from  thefe  follow  the  Phas- 
*4017.4018.  nomena  before  explained  *. 
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CHAP.  XIX. 

Concerning  the  "Tides . 

4456.  C 1  INCE  the  Tides  depend  upon  the  abovementioned  Adtions 
^3  °f  the  Sun  and  Moon,  they  muft  not  be  negledted  here. 

That  we  may  explain  them  from  the  Principles  already  laid 
down,  we  muft  confider  that  the  Earth,  as  alfo  all  Bodies  near  it, 
4047.  gravitate  towards  the  Moon  * 3  therefore  the  Particles  of  Water  in 
the  Earth’s  Surface,  which  tend  towards  the  Earth’s  Surface,  which 
tend  towards  the  Center  of  the  Earth,  or  near  it,  are  carried  with 
it  towards  the  Moon  J.  Since  alfo  the  folid  Mafs  of  the  Earth  is 
carried  towards  the  Moon,  according  to  the  Laws  which  would  ob¬ 
tain,  if  all  the  Matter  of  which  it  confifts  was  collected  in  it’s  Cen¬ 
ter  *  3  what  has  been  demonjlrated  in  Chap.  xvi.  of  the  A/lion  of  the 
Sun  upon  the  Moon ,  falling  towards  the  Earth,  whilft  with  the  Earth 
it  goes  towards  the  Sun,  may  be  applied  to  the  A/lion  of  the  Moon 
upon  the  Particles  of  Water  in  the  Earth's  Surface ,  which  don’t 
cohere  with  the  Mafs  of  the  Earth,  but  tend  towards  it’s  Center, 
and  continually  with  it’s  Mafs  fall  towards  the  Moon 5  by  which 
Force,  as  we  have  fhewn  *,  the  Earth  is  kept  in  it’s  Orbit,  about 
the  common  Center  of  Gravity  of  the  Earth  and  Moon. 

Let  S  be  the  Moon 3  A  L  B  /  the  Surface  of  the  Earth,  whofe 
,  Mafs  tends  towards  the  Moon,  as  if  it  was  all  collected  at  T  3  by 
the  Action  of  the  Moon,  the  Particles  of  Water,  A  and  B,  acquire 
a  greater  Gravity  towards  T  *  3  on  the  contrary,  the  Particles  at  L  /, 
lofe  of  their  Gravity  -f*  3  whence  we  deduce,  that  if  the  whole  Earth 
was  covered  with  Water,  there  would  not  be  an  TEquilibrum  un- 
lefs  this  Water  was  more  elevated  in  the  Points  L  and  /,  than  in  a 
whole  Circle  90  Deg.  diftant  from  thefe  PointS3  and  therefore  paf- 
fing  through  the  Points  A  and  B  3  and  therefore  by  the  A/lion  of 
the  Moon  the  Water  acquires  a  fpheroidical  Figure ,  formed  by  the  Re¬ 
volution  of  an  Oval  about  it's  greater  Axis ,  which ,  being  continued , 
goes  through  the  Moon . 

Let 
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Let  us  fuppofe  the  Moon  in  the  Equator  j  all  the  Sedtions  of  the  4460. 
Earth  which  are  parallel  to  the  ^Equator,  as  they  are  alfo  parallel 
to  the  Axis  of  the  Spheroid  *,  are  oval,  whofe  greater  Axes  pafs  *  44 50. 
through  the  Meridian  of  the  Moon;  whence  it  follows,  that  the  4461. 
Earth  being  at  reft,  in  any  Circle  of  Latitude ,  the  Water  is  more 
elevated  in  the  Meridian  in  which  the  Moon  is,  and  in  the  oppofite 
Meridian,  than  in  the  intermediate  Places . 

Definition. 

The  lunar  Day  is  the  Time  j pent  between  the  Moon's  going  from  4462, 

the  Meridian  and  coming  to  it  again.  This  Day  is  divided  into  24 
lunar  Hours :  It  is  50  Minutes  longer  than  the  natural  Day. 

From  the  Motion  of  the  Earth  round  it's  Axis,  every  lunar  Day,  4463. 
every  Place  palles  through  the  Meridian  of  the  Moon ;  and  the  op- 
polite  Meridian,  that  is,  twice  pafles  through  that  Place,  where  the 
Water  is  raifed  by  the  AAion  of  the  Moon ,  and  twice  through  that  4464» 
Place,  where  the  Water  is  depreffed  by  the  fame  Action*  ;  and  fo  *  446  ie 
in  a  lunar  Day  the  Sea  is  twice  elevated,  and  twice  deprejfed ,  in  any 
afjigned  Place . 

By  the  Motion  of  the  Earth  round  it’s  Axis,  the  elevated  Water  4465a 
continually  recedes  from  the  Meridian  of  the  Moon  $  yet  by  the 
ACtion  of  the  Moon  *,  the  Axis  of  the  Spheroid  palfes  through  the  *  4459* 
Moon$  therefore  the  Water  is  continually  agitated,  that  the  Ele¬ 
vation,  which  on  account  of  the  Motion  of  the  Earth  is  removed, 
may  be  brought  under  the  Moon.  Therefore  the  Water  continually 
flows  from  A  and  B  towards  L  and  /,  whillt  by  the  Motion  of  the 
Earth,  the  Elevation  is  carried  from  L  towards  B,  and  from  /  to¬ 
wards  A  ;  that  is  between  L  and  B,  as  alfo  between  /  and  A,  there 
are  two  contrary  Motions,  by  which  the  Water  is  accumulated  more; 
fo  that  the  greateft  Elevations  are  between  thefe  Points  (viz.)  not  di¬ 
rectly  under  the  Moon,  but  on  one  Side  of  that  Point,  and  likewife 
alide  of  the  oppofite  Point,  that  is  in  any  Place,  the  Water  is  moft  4466» 
elevated ,  two  or  three  Hours  after  the  Moon  has  pajfed  the  Meridian  of 
the  Place ,  or  the  oppofite  Meridian. 

The  Elevation  of  the  Waters  towards  the  Moon  a  little  exceeds  the  4467. 

oppofite  one  *,  the  Afcent  of  the  Water  is  diminifhed  as  you  go  towards  4468. 

the  Poles ,  becaufe  there  is  no  Agitation  of  Water  there .  *  4457  4229* 

What  has  been  demonltrated,  in  relation  to  the  Moon,,  may  be 
applied  to  the  Sun  ;  therefore  from  the  ABion  of  the  Sun ,  every  na~  4469.- 

tural  Day  the  Sea  is  twice  elevated ,  and  twice  deprejfed *.  This  *  4464- 

Agitation- 
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Agitation  is  much  lejs ,  on  account  of  the  immenfe  Diftance  of  the 
Sun  than  that  which  depends  upon  the  Moon ;  yet  it  is  fubjett  to  the 
fame  Laws . 

The  Motions,  which  depend  upon  the  Adtions  of  the  Moon  and 
Sun,  are  not  diftinguifhed  but  confounded,  and  from  the  Attions  of 
the  Sun ,  the  lunar  Tide  is  only  changed ,  which  Change  varies  every 
Day ,  by  reafon  of  the  Inequality  between  the  natural  and  lunar 
Day  *. 

In  the  Syzygies ,  the  Elevation,  from  the  Adtions  of  both  Lumi¬ 
naries,  concur,  and  the  Water  is  more  elevated. 

The  Sea  afcends  lefs  in  the  Quadratures ;  for  where  the  Water  is 
elevated  by  the  Adtion  of  the  Moon,  it  is  deprefled  by  the  Adtion 
of  the  Sun,  and  fo  on  the  contrary.  Therefore,  whitfl  the  Moon 
pafj'es  from  the  Syzygy  to  the  Quadrature ,  the  daily  Elevations  are 
continually  diminifked:  On  the  contrary,  they  are  increafed when 
the  Moon  moves  from  the  Quadratures  to  the  Syzygy. 

At  a  new  Moon  alfo,cceteris  paribus,  the  Agitations  are  greater,  and 
thofe ,  that  follow  one  another  the fame  Day,  are  more  different  than  at 
a  full  Moon 

The  great efl  and  leaf  Elevations  are  not  obferved,  till  the  fecond 
or  third  Day  after  the  new  or  full  Moon ;  becaufe  the  Motion  ac¬ 
quired  is  not  prefently  deftroyed  from  the  Attrition,  and  other 
Caufes,  by  which  acquired  Motion  the  Afcent  of  the  Water  is  in¬ 
creafed.  Although  the  Adtion  by  which  the  Sea  is  raifed  be  di- 
minifhed;  fomewhat  like  to  what  we  have  demonftrated  elfewhere 
concerning  Heat  *. 

If  now  we  confider  the  Luminaries  receding  from  the  Plane  of 
the  /Equator,  we  fhall  perceive  that  the  Agitation  is  diminished, 
and  becomes  lefs ,  according  as  the  Declination  of  the  Luminaries  be - 
comes  greater .  Which  plainly  appears,  if  we  conceive  them  to  be 
in  the  Poles;  for  then  the  Axis  of  the  Spheroidical  Figure  coincides 
with  the  Axis  of  the  Earth  ;  and  all  the  Sedtions,  that  are  parallel 
to  the  /Equator,  are  perpendicular  to  the  Axis  of  the  Spheroid,  and 
therefore  circular.  So  that  the  Water,  in  every  Circle  of  Latitude, 
will  have  every  where  the  fame  Elevation ;  and  fo  in  the  Motion  of 
the  Earth,  the  Height  of  the  Sea  is  not  changed  in  particular  Places. 
If  the  Luminaries  recede  from  the  Poles,  it  is  eafy  to  find,  that  the 
Agitation  will  be  more  and  more  increafed  till  it  be  the  greatefl:  of 
all,  the  Spheroid  revolving  about  a  Line  perpendicular  to  the  Axis, 
the  Axis  of  the  Spheroid  being  fuppofed  in  the  Plane  of  the 
/Equator. 

Hence 
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Hence  it  is  plain,  why  in  the  Syzygies ,  near  the  JEquinoxes,  the  4479. 
Tides  are  observed  to  be  the  greatef  y  both  Luminaries  being  in  or 
near  the  ./Equator . 

The  Actions  of  the  Moon  and  Sun  are  greater ,  the  lefs  thofe  Bodies  4480, 
are  dijiant  from  the  Earth  *  ;  but  when  the  Diftance  of  the  Sun  is  *  4302- 
lefs,  and  it  is  in  the  South  Signs,  often  both  the  greateft  aequinoc- 
tial  Tides  are  obferved  in  the  Situation  of  the  Sun  ;  that  is,  before 
the  vernal,  and  after  the  autumnal  ^Equinox,  which  yet  does  not 
happen  every  Year ;  becaufe  fome  Variation  may  arife  from  the 
Situation  of  the  Moon’s  Orbit,  and  the  Diftance  of  Syzygy  from  the 
/Equinox. 

In  Places  diftant  from  the  /Equator  y  as  the  Luminaries  recede  from  44^ 1 • 

the  /Equator ,  the  Elevations  that  happen  the  fame  Day  are  unequal  Plate  127. 
Let  PP  be  the  Axis  of  the  Earth,  EE  the /Equator,  L/  a  Circle  Fig*  8» 
of  Latitude  ;  A  B  the  Axis  of  the  fpheroidical  Figure  which  the 
Water  forms :  When  a  Place  in  the  Circle  L  /  is  given  at  L  or  /, 
it  is  given  in  the  fame  Meridian  with  the  Axis  of  the  Spheroid,  and 
the  Water  is moft  elevated,  in  both  Cafes;  yet  at  L  it  is  more  ele¬ 
vated  than  at  /;  for  CL  exceeds  C /,  which  Lines  meafure  the 
Heights  of  the  Waters,  that  is  the  Diftances  from  the  Center : 

Thefe  Lines  would  be  equal  if  A  L  and  B  /,  (which  are  the  Di¬ 
ftances  from  the  Axis  of  the  Spheroid)  were  equal.  But  C  /  is 
lefs,  becaufe  B/  exceeds  AL,  which  arifes  from  the  Inclination 
of  the  Axis  of  the  Spheroid  to  the  /Equator. 

As  long  as  the  Moon  is  on  the  fame  Side  of  the  /Equator  with  any  4482, 
Place ,  that  is,  towards  the  Line  C  A  continued,  the  Elevation  of 
the  Water  is  obferved  to  be  greatef  every  Day ,  after  the  Moon  has 
paf'ed  the  Meridian  of  the  Place ,  for  there  is  the  greateft  Elevation 
when  the  Place  is  come  to  L;  but  the  /Equator  feparates ,  or  is  44^3* 
between  the  Moon  and  the  Place ,  of  which  we  fpeak,  that  is,  if  the 
Moon  be  towards  the  Line  C  B  continued,  the  Water  again  at  L 
will  come  to  the  greateft  Height,  and,  every  Days  the  greatef 
Elevation  of  the  Sea  will  bey  after  the  Moon  has  pajfed  through  the  op - 
pofte  Meridian . 

All  Things,  which  have  been  hitherto  explained,  would  exadtly  4484> 
obtain,  if  the  whole  Surface  of  the  Earth  was  covered  with  Sea  ; 
but  fince  the  Sea  is  not  every  where,  fome  Changes  arife  from 
thence  not  indeed  in  the  open  Sea ;  becaufe  the  Ocean  is  extended 
enough  to  be  fubjecft  to  the  Motions  we  have  fpoken  of.  But  the  44^5* 
Situation  of  the  Shores ,  the  S tr eight sy  and  many  other  Things  depend - 
ing  upon  the  particular  Situation  of  the  Places ,  difurb  thefe  general 
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Rules .  Yet  it  is  plain  from  the  moll  general  Obfervations,  that  the 
Tide  follows  the  Laws  which  we  have  explained. 

What  remains  is,  to  determine  the  Forces  with  which  the  Sun 
and  Moon  adt  upon  the  Sea,  that  it  may  appear,  that  they  are  able 
to  produce  the  Effedts  which  we  have  mentioned ;  and  that  the 
Adtions  of  thofe  Bodies,  upon  Pendulums  and  other  Bodies,  are 
infenfible. 

The  Increafe  or  Addition  to  the  Gravity  of  the  Moon  in  the 
Quadratures,  from  the  Adtion  of  the  Sun,  is  to  the  Gravity  of  the 
Moon  towards  the  Earth,  as  1  to  178,  73  *.  In  which  Computa¬ 
tion  we  have  fuppofed  the  mean  Dillance  of  the  Moon,  from  the 
Center  of  the  Earth,  to  be  60  Semidiameters  of  the  Earth  J ;  there¬ 
fore  the  Gravity  of  the  Moon  is  to  the  Gravity  on  the  Earth's  Sur¬ 
face,  as  1  to  60  x  60  =  3600  *.  Therefore  the  abovementioned 
Increafe  is  to  the  Gravity  on  the  Earth’s  Surface,  as  1  to  643428, 
in  which  Computation  there  is  an  Error  to  be  corredted. 

This  Computation  would  be  exadt,  if  the  Increafe,  of  which  we 
fpeak,  was  to  the  Force,  with  which  the  Earth  defcends  towards  the 
Sun,  as  the  Dillance  of  the  Moon  (which  is  60  Semidiameters  of 
the  Earth)  to  the  Dillance  of  the  Earth  from  the  Sun  * ;  but  it  is 
as  the  true  mean  Dillance  of  the  Moon,  which  is  6o~  Semidiame¬ 
ters  of  the  Earth,  to  the  Dillance  of  the  Earth  from  the  Sun. 
Wherefore  the  Increafe,  that  we  have  juft  determined,  ought  to 
be  Part  increafed,  and  will  be  to  the  Force  of  Gravity  on  the 
Earth’s  Surface,  as  T—  to  643428,  or  as  1  to  638110. 

This  Increafe  of  the  Gravity  of  the  Moon,  in  the  Quadratures 
from  the  Adtion  of  the  Sun,  is  to  the  Increafe  of  the  Gravity  of  the 
Water  on  the  Earth’s  Surface,  in  Places  which  are  90  Deg.  diftant 
from  the  Sun,  (from  the  fame  Adtion  of  the  Sun)  as  6o~  to  1  *. 
Therefore  this  Increafe  of  the  Gravity  is  to  the  Gravity  of  the 
Water  itfelf  as  1  to  38605679.  The  Diminution  of  the  Gravity, 
under  the  Sun,  and  in  the  oppolite  Place,  is  double  this  Increafe  *  $ 
therefore  it  is  to  the  Gravity  as  1  to  19302839,  and  the 'whole 
Change  in  the  Gravity ,  arifing  from  the  Action  of  the  Sun ,  is  to  the 
Gravity  itfelf  as  1  to  12868560. 

In  order  to  compare  the  Adtion  of  the  Moon  with  the  Adlion 
of  the  Sun,  we  mull  make  Experiments  in  Places,  in  which,  by 
reafon  of  the  Narrownefs,  the  Sea  is  fenlibly  raifed.  Near  Brijiol 
at  the  Autumn  and  Spring,  at  which  Times  the  Agitation  of  the 
Sea  is  greateft  *,  the  Water  afcends  in  the  Syzygies  about  45  Feet, 
more  or  lefs,  in  the  Quadratures  about  25  Feet,  more  or  lefs.  Which 
Numbers  are  to  one  another,  as  9  to  4.  The 
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The  Determination  of  the  Forces,  which  we  would  find,  if  the 
greateft  and  leaft  Elevations  were  exactly  at  the  Time  of  the  Sy¬ 
zygies,  would  be  very  eafy,  which  we  have  fldewn  before  not  to 
happen  fo  *.  ^ 

The  Diftance  of  the  Moon  from  the  Syzygy,  or  the  Quadrature, 
is  not  always  the  fame  in  the  greateft  or  leaft  Elevation  ;  for  this 
Diftance  varies,  becaufe  the  Moon  is  fometimes  more  and  fome- 
times  lefs,  diftant  from  the  Meridian,  when  it  goes  through  the 
Syzygy  or  Quadrature.  The  mean  Diftance  of  the  Moon  from  the 
Syzygy,  or  Quadrature,  to  which  the  aforefaid  Obfervations  ought 
to  be  referred,  is  about  i8Deg.  30  Min.  fo  that  the  whole  Addon 
of  the  Sun  neither  confpires  with  the  Addon  of  the  Moon  in  the 
Syzygies,  nor  ads  contrary  to  it  in  the  Quadratures.  Alfo  in  fuch 
a  Cafe,  if  at  the  Syzygy,  both  the  Luminaries  be  in  the  ^Equator, 
in  the  faid  Diftance  from  the  Quadrature,  the  Declination  of  the 
Moon  is  22  Deg.  13  Min.  more  or  lefs;  whereby  the  Force  of  the 
Moon  to  move  the  Sea  is  diminifhed  *.  Befides,  cceteris  paribus , 
the  Diftance  of  the  Moon  from  the  Earth  at  the  Syzygies  is  lefs, 
than  at  the  Quadratures  -f* ;  whence  alfo  the  Adion  of  the  Moon  is 
diminifhed  at  the  Quadratures  *  :  By  attending  to  all  which  Things 
we  may  difcover,  that  the  mean  Force  of  the  Sun ,  to  move  the  Sea , 
is  to  the  mean  Force  of  the  Moon  to  move  the  fame  as  1  to  4,  4815. 
But  the  F  orce  of  the  Sun  is  to  the  F  orce  of  Gravity  as  1  to  1 2  8  6  8  5  6  o*; 
wherefore  the  Force  of  the  Moon  is  to  the  fame  Force  of  Gravity,  as  1 
to  2871485.  From  whence  it  follows,  that  thefe  Forces  of  the 
Moon  and  Sun  are  too  fmall,  to  be  fenfible  in  Pendulums  and  other 
Experiments ;  but  it  is  eafily  proved,  that  they  are  capable  of  agi¬ 
tating  the  Sea. 

By  diminiftiing  the  Gravity  on  the  Earth’s  Surface  T~T,  5  Part, 
the  Sea  is  raifed  to  the  Height  of  9534  Perches,  that  is  114408 
Rhynland  Feet*.  For  each  Perch  contains  12  Feet;  whence  by 
the  Rule  of  Proportion  J,  we  find  that  the  ABion  of  the  Sun  changes 
the  Height  of  the  Sea  near  two  Feet ,  and  that  the  ABion  of  the 
Moon  changes  it  7,83  ;  and  that  from  the  jomed  ABion  of  both ,  the 
mean  Agitation  is  about  1  o  Feet,  which  agrees  pretty  well  with  Ob¬ 
servations,  for  in  the  open  Ocean,  as  the  Sea  is  more  or  lefs  open, 
the  Water  is  raifed  to  the  Height  of  fix,  nine,  twelve,  or  fifteen  Feet; 
in  which  Elevations  alfo  there  is  a  Difference  arifing  from  the 
Depth  of  the  Waters,  where  the  Sea  violently  enters  into  Streights 
or  Gulphs ;  the  Force  is  not  broken ,  till  the  Water  rifes  higher. 
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CHAP.  XX. 

Of  the  Moon  s  Denfity  and  Figure. 

H  E  Forces  of  the  Sun  and  Moon,  for  giving  Motion  to  the 
Sea,  are  to  one  another,  in  a  Ratio  compounded  of  the  Ra¬ 
tio  of  the  Quantities  of  Matter  in  thefe  Bodies  *  (for  all  the  Par¬ 
ticles  of  Matter  aft)  and  the  inverfe  Ratio  of  the  Cubes  of  the  Di- 
ftances  of  the  Sun  and  Moon  from  the  Earth 

The  Quantities  of  Matter  are  in  a  Ratio  compounded  of  the  Ra¬ 
tio  of  the  Bulks,  that  is,  of  the  Cubes  of  the  Diameters*,  and  the 
Ratio  of  the  Denfities  *|- ;  wherefore  the  Forces  abovementioned 
are  direftly  as  the  Denfities,  and  the  Cubes  of  the  Diameters,  and 
inverfely  as  the  Cubes  of  the  Diftances.  Here  we  fpeak  of  the 
mean  Denfities,  as  we  have  determined  them  above  for  different 
Planets  *. 

The  apparent  Diameters  of  Bodies,  that  is,  the  Angles  under 
which  they  are  feen,  increafe  as  the  Diameters  themfelves,  and  di- 
minifh  as  the  Diftances ;  that  is  they  are  direftly  as  the  Diameters, 
and  inverfely  as  the  Diftances;  therefore  the  Ratio  compounded  of 
the  Ratios  of  the  Cubes  of  the  apparent  Diameters  of  the  Sun  and 
Moon ,  and  of  the  Ratio  of  the  Denfities,  will  be  the  Ratio  of  the 
Forces,  whereby  thofe  Bodies  aft  upon  the  Sea.  Therefore  the 
Denfities  of  thofe  Bodies  are  direftly  as  thofe  Forces ,  whereby  they 
move  the  Sea ,  and  inverfely  as  the  Cubes  of  their  apparent  Diameters  ; 
and  dividing  the  Forces  by  the  Cubes  of  thofe  Diameters,  you 
have  the  Ratio  of  the  Denfities. 

The  Force  of  the  Sun  is  to  the  Force  of  the  Moon,  as  1  to  4, 
4815*;  the  mean  apparent  Diameter  of  the  Sun  is  32  Min.  12 
Sec.  and  the  mean  apparent  Diameter  of  the  Moon  is  3 1  Min. 
16+ Sec.  that  is,  they  are  to  one  another,  as  3864  to  3753.  There¬ 
fore  the  Denfity.  of  the  Sun  is  to  the  Moon's  Denfity ,  as  10000  to 
48911  :  which  Denfity  of  the  Moon  may  be  compared  with  the 
Denfities  of  Jupiter ,  Saturn ,  and  the  Earth  *  and  the  Moon  is 
denfer  than  the  Earth. 

The  Qua ntities  of  Matter  in  two  Bodies  are  to  one  another,  in  a 
Ratio  compounded  of  the  Denfities  and  Bulks  * ;  that  is,  if  the 
Bodies  be  Spheres,  in  a  Ratio  compounded  of  the  Denfities  and 
the  Cubes  of  the  Diameters. 
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The  Denfities  of  the  Moon  and  Earth  are  to  one  another  as  489  it-  a  r08. 
t°  39539  >  ^Diameters  as  20  to  73*']''.  Therefore  Quantities*  45ot>.4i68. 

of  Matter,  in  thofe  Bodies,  are  as  1  to  39,  3  1.  as  o,  0512  to  f  37SI* 
o,  0013.  Though  the  Denfities  be  difcovered,  if  you  fuppofe  the 
Bodies  to  be  homogeneous 5  yet  the  Quantities  of  Matter  will  be 
rightly  defined,  though  the  Bodies  are  not  homogeneous;  for  we 
determine  the  Denfity  which  that  Body  would  have,  if  the  Mat¬ 
ter,  of  which  the  Body  really  confifts,  was  equally  diffufed  all 
over  it  * 

f  he  Gravities,  on  the  Surfaces  oj  the  Earth  and  Moon ,  are  deter¬ 
mined,  by  multiplying  the  Denfities  by  the  Diameters  *,  that  is,  * 
they  are  to  one  another  nearly  as  3  to  1,  or  as  43 1  to  146,  which 
Number  alio  does  exprefs  the  Relation  of  Gravity  on  the  Surface  of  the 
Moon,  with  the  Gravities  on  the  Surfaces  of  the  Sun,  Jupiter  and 
Saturn  *. 

The  common  Center  of  Gravity  of  the  Moon  and  Earth ,  about 
which  both  Bodies  are  moved,  is  determined 5  for  it's  Diftance, 
from  the  Center  of  the  Earth,  is  to  the  Difance  between  the  Cen- 
ters  of  both  Bodies,  as  the  Quantity  of  Matter  in  the  Moon  to  the 
Quantity  of  Matter  in  both  Bodies  *  5  therefore  40,  31  is  to  1 :  as  *  61 1. 613. 
the  Diftance  of  the  Moon,  from  the  Earth,  is  to  the  required  Di¬ 
ftance  of  the  Center  of  Gravity,  from  the  Center  oj  the  Earth , 
which  is  found  to  be  of  2543927  Perches,  as  is  deduced  from 
the  known  Diameter  of  the  Earth  *,  and  the  Diftance  of  the 
Moon. 

To  determine  the  Figure  of  the  Moon,  we  muft  examine  what 
Figure  it  would  have,  if  it  was  fluid  *.  If  we  confider  the  Moon  *  4307, 
alone  at  reft,  it  would  be  fpherical  J :  If  we  confider  the  Adlion  +  4308. 
of  the  Earth  upon  the  Moon,  the  Moon  would  acquire  the  Figure 
of  a  Spheroid,  whofe  Axis  would  go  through  the  Earth  *.  The*  4459. 
Force  of  the  Earth,  for  changing  the  Figure  of  the  Moon,  is  to 
the  Force  of  the  Moon  upon  the  Earth,  as  39,  3 1.  to  1  -f* ;  and  as  *1-4508.4048. 
the  Diameter  of  the  Moon  to  the  Earth’s  Diameter  j,  which  are  to  1 4457-4302. 
one  another  as  20  to  73  *,  and  the  Ratio  compounded  of  thefe  is  *  3751. 
10,  77  to  1.  This  Force  of  the  Moon  is  to  the  Gravity  upon  the 
Earth’s  Surface,  as  1  to  2871485  J 5  which  Gravity  on  the  Earth’s  J  4495. 
Surface  is  to  the  Gravity  on  the  Surface  of  the  Moon,  as  43 1  to 
146*,  or  as  2871485  to  9731665  wherefore  the  Attion  of  the*  45°9- 
Earth,  for  changing  the  Moon's  Figure ,  is  to  the  Gravity  upon  the  45 1 2* 
Moon's  Surface ,  as  10,77  to  973166,  or  as  1  to  90359,  the  Gra¬ 
vity  being  changed  on  the  Earth’s  Surface  by  Palt» 

D  d  d  2  the 


375°-432K 

374°- 

4511. 


588 

4498. 


Mathematical  Elements  Book  VI. 

the  Water  Is  raifed  8  Feet  * ;  and  therefore  if  Gravity  was  to  be 
changed  — -  Part,  the  Elevation  would  be  254  Feet, 


0 


as  is 

found  by  the  Rule  of  Three.  If  keeping  this  Diminution  of  Gra¬ 
vity,  we  confider  a  lefs  Body,  this  Height  muft  be  diminifhed,  in 
Proportion  to  the  Diameters:  therefore,  from  the  Adlion  of  the 
45 1 3*  Earth,  this  Elevation  of  the  Moon  is  of  70  Feet;  and  if  the  Moon 
he  homogeneous ,  there  will  not  be  an  /Equilibrium,  unlefs  the  Axis  of 
the  Spheroid  exceeds  the  Diameter,  which  is  perpendicular  to  it, 
140  Feet. 

45  x4*  The  Elevation  of  the  Moon,  from  the  Adlion  of  the  Earth,  may 
be  difcovervd  by  one  Angle  Proportion,  by  knowing  the  Elevation 
of  the  Sea  from  the  Moon’s  Atfion ;  for  thefe  Elevations  are  in  a 
duplicate  inverfe  Ratio  of  the  Gravities  on  the  Surfaces  of  thofe 
Bodies ;  of  which  Rule  this  is  the  Demonftration. 

45 1 5*  If  equal  Forces  adted  on  thofe  Bodies,  they  would  acquire  fimi- 
lar  Figures ;  becaufe  the  Forces  adt  in  the  fame  manner  upon  every 
Part.  The  Rifes  therefore  would  be  to  one  another  as  the  Dia¬ 
meter. 

4516.  Thefe  Rifes  alfo  will  be  as  the  Forces  themfelves,  which  are  as 
the  Quantities  of  Matter  in  the  Bodies  a&ing,  and  as  the  Diameter 

4220.  of  the  Bodies,  whofe  Figures  were  changed  *.  Joining  all  the  Ra¬ 
tios,  the  Rifes  of  Water  in  the  Moon  and  Earth,  are  in  a  diredt 
duplicate  Ratio  of  the  Diameters  of  thofe  Bodies,  and  the  inverfe 
Ratio  of  the  Quantities  of  Matter  in  them,  that  is,  in  the  inverfe 
Ratio  of  the  Gravity  on  their  Surfaces. 

4517.  To  which  Ratio,  this  very  Ratio  is  to  be  added  to  make  it  du¬ 
plicate  ;  becaufe  the  Rifes  are  alfo  inverfely  as  the  Gravities  adting 
on  the  Particles  which  are  raifed. 

^]g.  If,  fuppofing  the  Moon  to  be  of  the  Figure  which  we  have 
now  determined,  we  conceive  the  Parts  to  cohere,  the  /Equilibrium 
between  the  Moon's  Parts  will  not  be  given ,  unlefs  the  Axis  of  the 
Spheroid  be  diredted  towards  the  Earth;  whence  we  fee  why  the 
Moon  always  turns  the  fame  Face  towards  the  Earth ;  for  by  the 
continual  Agitation  by  which  the  Axis  of  the  Spheroid  is  diredted 
towards  the  Earth,  the  Moon  at  lafl  has  acquired  a  Motion  about 
*  3743*3899  another  Axis,  of  which  Motion  we  have  treated  before  *  :  which 

4519.  Motion  is  performed  in  the  fame  'Fime  as  the  Moon  turns  about  the 
Earth ;  which  follows  from  the  before-mentioned  Adtion ;  for  if 
the  Celerity  was  greater,  it  would  be  continually  retarded  by  the 
lame  Force  by  which  the  Moon  always  turns  the  fame  Face  to¬ 
wards  the  Earth ;  but  it  would  be  accelerated  continually,  if  the 
Celerity  was  lefs.  Yet 
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Yet  this  Force  is  great  enough,  to  difturb  fenfibly  at  each  Re¬ 
volution  the  ^Equability  of  the  Motion  acquired  about  the  Axis : " 
therefore,  the  Motion  about  the  Axis  is  equable ,  though  the  Moon  be 
moved  in  it's  Orbit  by  an  unequal  Motion  The  Situation  alfo  of* 
the  Axis  of  the  Moon,  cannot  be  fo  changed  by  the  Force  above- 
mentioned,  as  to  be  always  perpendicular  to  the  Plane  of  the 
Orbit,  whilft  it’s  Inclination  is  changed  J,  therefore  the  Axis  of  * 
the  Moon  is  a  little  inclined  to  the  Plane  of  the  Orbits  as  we  have 
before  {hewn  *.  * 
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The  Number  I.  and  II.  refer  to  the  firft  and  fecond  Volume,  p* 
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A. 

Acceleration  of  a  Body 

in  a  Fluid,  in  Moments  infinitely 
fmall,  is  equable,  I.  p.  461.  n. 
2003.  p.  471 .  n.  2059. 

-  of  a  Body  fpecifically  heavier  than  a 

Fluid,  that  defeends  in  it,  or  fpecifically 
lighter,  that  afeends  in  it,  I.  ^.445.  n. 
1977.  and  following,  p.  469.  n.  2051.  and 
fol. 

- -  of  what  Kind,  when  feveral  Actions 

together  move  a  Body,  l.p.  271.  it.  1148. 
and  fol. 

« -  of  a  Body  moving  towards  a  Center, 

I.  p.  134.  n.  582.  and  fol.  /.i48.andfol. 
Aftion,  I.  p.  166.  n.  688. 

■ -  of  a  Body  on  a  Lever,  in  what  Ratio, 

I .  p.  252. n .  1080. 

— -  of  different  Bodies  upon  Light,of  what 
Kind,  II.  p.  137.  n.  2841. 

* — —  of  two  Bodies  carried- in  different  Di¬ 
rections,  that  run  dire&ly  agaifift  a  third 
Body  at  the  fame  Time,  1.^.  290.  it.  1199. 
and  fol.  p.  292.  n.  1208.  and  fol, 

— —  the  fame  can  take  away  or  communi¬ 
cate  the  fame  degree  of  Velocity,  I.  p. 
169.  n.  713. 

•  of  a  Spring.  See  Spring. 

-  and  Refinance  differ  only  relatively, 

I.  p.  167.  n.  695. 

- a  fmall  one  fometimes  infinitely  exceeds 

another  fmall  one.  1.^.  178.  n.  752. 

—  in  Collifion  is  equal  to  the  Re-aCtion, 
l.p.  228. it.  984. 

— —  whole  in  a  Lever,  in  what  Ratio,  I. 

p.  144.  n.  5  to.  and  fol. 

— *  by  which  a  Body  is  moved,  how 
found,  I.  p.  168.  n.  706. 

—  by  which  a  Spring  is  bent,  how  de¬ 
termined,  l.p,  327.  n.  1340. 

—  in  a  Lever,  the  fmalleft,  l.p.  1 1 1.  ». 
495- 


Aftion ,  greateft  of  an  Animal.  See  Animal . 

—  —  -  fmalleft  in  a  Machine,  when  the  weight 
and  Power  are  determined,  I.  p.  115.  n, 

5H- 

« -  fmalleft  of  all  in  a  Machine,  I.  p.  iiou 

n.  493. 

-  mutual  of  a  Body  and  Fluid  is  the 

fame,  whether  the  Body  or  Fluid  be  mov¬ 
ed,  I.  p.  437.  n.  1892. 

—  of  elaftic  Bodies  is  illuftrated,  I,  p.  2 67. 
n.  1137.  and  fol. 

-  all  requires  Refiftance.  I.  p.  80.  n. 

362.  and  fol. 

—  of  a  Power  may  be  refolved  into  two, 
I.  p.  67.  n.  319. 

—  of  a  Preflure,  in  what  Ratio,  I.  p.  1 7  r. 
si.  723. 

— —  with  which  a  Body  in  Motion  runs 
againft  two  Planes,  is  determined,  I.  p. 
282.  it.  11 77.  and  fol 
The  Aft  ion,  which  drives  Water  upwards. 
See  Water. 

— •  refpeCtive  fometimes  to  be  diftinguiih- 
ed  from  the  abfolute,  I.  p.  230.  n.  995. 

* -  whole  in  a  Lever  of  the  third  Kind, 

l.p.  1 15.  n.  515. 

—  fmalleft,  how  determined,  I.  p.  1 20.  it. 
536.  and  fol. 

The  fame  A  ft  ion  is  produced  by  a  Point 
running  through  a  determinate  Space,  whe¬ 
ther  the  Point  be  moved  fafter  or  flower, 
I.  p.  1 7 1.  n.  728.  p.  199.  n .  836.  and 
fol. 

The  A  ft  ions  of  two  Powers  may  be  re¬ 
duced  to  one,  I.  p.  67.  ».318. 

—  whole  in  different  Levers,  I.  p.  114. 

n.  511.  and  fol. 

-  in  the  Lever,  I.  p.  45.  ».  235.  and  fol. 

-  of  Powers,  I.  p.  28.  it.  124.  and  fol. 

—  — -  if  feveral  aCt  upon  a  Body,  what  Ve¬ 

locity  they  communicate  to  it,  I.  p.  271. 
n.  1 148.  and  fol. 

ft  ions. 


» 


I  N  D  E 


X. 


Attions,  what  are  applied  to  Hydraulick  Air ,  by  prefling  upon  Bodies,  often  breaks 


Machines.  See  Hydraulic . 

- -  of  Forces.  See  Forces. 

Addition  mechanical,  I.  /.  44.  n.  227. 
Adnata ,  II,  p.  173.  n.  3063. 

AEolipile,  II.  p.  69.  n.  2,441.  and  fol. 
AEquation  of  Jupiter’s  Satellite,  theflrfl,  II. 
p.  ico.  n.  2626. 

— •  -  the  fecond,  II.  p.  100.».  2628. 

—  of  Time.  See  Time. 

AEquator  cceleflial.  II.  p.  300.  n.  3879. 

AE qui librium  of  -unequal  Bodies  in  the  Air, 
is  deftroyed  in  Vacuo,  II.  p.  19.  n.  2166. 
and  fol. 

— '■  of  a  Balance,  I.  p.  38.  n.  190, 
AEquinottial  Points,  II.  p.  31  i.n.  3982. 
AEquinoxes ,  preceflion  of,  II.  p.  315.  ». 
4021.  and  fol.  p.  316.  n.  4031. 

■■  explanation  of  this  Motion,  II.  p.  378. 
n.  4440.  and  fol. 

AEquiponderatey  I.  p.  38.  n.  1 91. 

- -  unequal  Bodies  may,  ibid.  n.  192./. 

39.  n.  196. 

•—  many  Bodies  may  with  fewer,  I.  p.  39. 
n.  199.  and  fol. 

—  many  Bodies  may  with  one,  I.  p.  39. 
n.  197.  and  fol. 

Airt  II.  p.  2.  n.  2076.  and  fol. 

— ■  ■  '  comprelfed,  what  Space  it  takes  up, 
/.8.  n.  2108. 

.  dilated,  what  Space  it  takes  up,  p.  5. 

it.  2101.  p.  7.  n.  2io 6.  and  fol . p.  21,  n. 
2173.  and  fol. 

— '  is  the  Vehicle  of  Sound,  p.  49.  n. 
2319.  p.  50.  n.  2322.  and  fol. 

elaftic,  p.  4.  v.  2096.  &  feq.  p.  20, 
n.  2168.  and  fol. 

is  heavy,  p.  2.  n.  2084.  &  feq .  p.  19. 
n.  2163.  and  fol. 

is  a  Mixture  of  various  elaftic  Fluids, 
p.  10.  n.  2122. 

yields  to  any  impreffion,  p.  2.  n.  2083. 
y— ■  ■  in  a  high  Place  does  not  only  differ  in 
Denflty,  from  the  lower  Air,  p.  11.  n. 

.  2123. 

— 1  ■  is  lefs  denfe  in  a  Mountain,  than  in 
a  Valley ,p.  8.  n.  21 16. 

$*■■■  1  ■  all  can  never  be  taken  out  by  the 
Air  Pump,  p.  13.  n.  2136.  p.  22.  n. 
2180. 

— .  may  be  weighed,  p.  19.  n.  2163.  and 
fol. 

«—  preffes  equally  every  way,  p.  4.  n. 
2092.  and  fol. 

■  how  it  may  be  compreffed,  p.  28.  ft, 
2216.  and  fol.  /.  32.  n.  2231. 
wmmmm  retards  the  Motion  of  Fluids,  l.p,  381. 
*S92*  382.  *•  1603.  and  fol. 


them,  when  the  Preffure  is  not  every  Way 
equal,  II.  /.  26.  n .  2202.  and  fol. 

Air  compreffed,  the  various  Effe&s  of  it, 
p.  30.  n.  2225.  and  fol./.  31 .  n.  2230. 

- - -  the  Elaflicity  of  it  is  as  the  Denflty, 

p.  5.  n.  2100. 

and  Gravity  is  obferved  in  an  Experi- 


ment,  p.  21 .  n.  2173. 

-- — -  the  Force  of  it  accurately  determined, 
/.22.8.2183.  and  fol. 

- - -  whence  it  arifes,  I.  /.  22.  n  97. 

- -  the  Effe&s  of  its  Elaflicity  like  thofe 

of  Gravity,  II.  /.9.  »,  21 15.  and  fol. /. 
31.».  2229. 

— -  —  Force  of  it  equal  to  the  Weight  of  the 
whole  Atmofphere,  /.  9.  n .  2115.  /.  20. 
n.  2170.  and  fol. 

Airy  the  Motion  of  it  undulatory,  /.  43.  n. 
2271.  and  fol. 

<— —  the  undulatory  Motion  of  it  commu¬ 
nicates  a  tremulous  Motion  to  the  Fibres 
of  Bodies,  /./.51.«.  2330. 

— fome  Parts  of  it  enter  into  Water 
more  eaflly  than  others.  /.  12.  n.  2132. 

— — —  motion  of  a  Particle  of  it,  /.  42. 
n.  2273.  and  fol. 

— — —  owing  to  the  Elaflicity  of  the  Air, 
/.  43.  n.  2276.  and  fol. 

—  -  is  analogous  to  the  Motion  of  a  Pendu¬ 

lum,  /.  45.  n .  2286.  and  fol. 

— -  fubjed  to  what  Law,  /.  46.  n.  2291. 

and  fol.  /.  58.  ».  2384. 

— —  in  what  Time  it  is  made,  /.44.  n. 
2284.  and  fol.  p.  58.  n.  2384. 

—  with  what  Velocity  the  Particles  move, 
/.  62.  n.  2389. 

—  with  what  Force  they  fly  from  one 
another,  /.8.  n  2 1 1 1 .  /.  1  o.  n.  2 1 1 7. 

■ - what  accelerating  Force  they  have,  /. 

60.  n.  2385.  and  fol. 

-  the  Number  of  Particles  running 

againft  the  Ear,  in  what  Ratio,/.  62.  n . 
2388. 

— —  Preffure  of  it  depends  upon  its  height,. 
/.  3.  n.  209I; 

— «  fenflble  Effeds  of  the  Preffure  of  it,  II. 
/.  26.  n.  2202.  and  fol.  /.  31.  n.  2228.  /. 
38.  n.  2259.  and  fol. 

Quantities  and  Elafticities  of  it  after 


every  Motion  of  the  Piflons,  make  a  ge¬ 
ometrical  Progreflion, /.  21  .n.  2175.  and 
fol. 

—  Solidity  of  it  demonflrated,  I,  /.  5. 
n.  24. 

—  Wave  of,  II.  /.  43.  n.  2271. 

—  Motion  of  a  Wave,  /.  43.  n.  227 2. 

and  fol.  * v  Airy 


INDEX. 


Air ,  Velocity  of  it,  p.  46.  11.  2293.  and  fol. 
p.  60.  n.  23 87.  / 

- -  greater  in  Summer  than  in  Winter,  p. 

47.  n.  2302. 

-  when  the  Waves  ceafe,  p.  45.  «. 

22S9. 

Air-pump,  II .p.  13.  n.  2136.  and  fol. 

<—  fingle  barrelM  one, p.  12.//.  2158.  and 
foL 

—  in  what  Air-pumps  differ,  /.  13.  n. 
2138. 

—  common  ones,  40.  n.  2265. 

Altitude  of  the  Pole,  II.  p.  307.  n.  394 7. 

- -  is  equal  to  the  Latitude,  p.  307.  n. 

394  7- 

—  .  by  what  Line  determined,  p.  366.  it, 

4326. 

-  of  the  Stars,  /.  305.  n.  3921. 

Amplitude  of  a  Caft,  I.  p.  125.  it,  546. 

- -  greateft  of  all , /.  126.  n.  553. 

- -  how  changed,  in  a  different  Celerity, 

p.  126.  n.  552. 

- -  of  the  Stars,  II.  p.  305.  n.  39 20. 

Angular  Motion  of  a  Body  in  an  Ellipfe, 
that  moves,  I.  p.  164.  it.  682. 

■—  ■■■■■  of  a  Curve,  how  found, p.  164,«.  682. 
and  fol. 

— —  of  an  Ellipfe.  See  Ellipfe. 

Angle  of  Incidence,  I.  p.  276.  it.  1161.  II. 
p.  1 28.  it.  2784. 

— -  is  equal  to  the  Angle  of  Reflection,  I. 

p.  276.  n.  1 1 63. 

- -  mixt,  may  be  diminiihed  In  infinitum, 

p.  7«  it.  34* 

—  of  a  Pendulum.  See  Pendulum. 

—  —  of  Reflection,  p.  276.  n.  1162. 

of  RefraCtion,  II./.  128.  n.  2786. 

» -  ■  ■  when  lefs  than  the  Angle  of  Incidence, 
p.  128.  It.  2787./.  130.  n.  2798. 

Angles  of  Incidence  and  Refraction  have  a 
conflant  Ratio  to  one  another,  /.  132. 
n.  2809.  and  fol.  p.  247.  n.  3512. 

■  ■■—  ■  of  two  Rays,  when  equal,  p.  129.  it, 
2790.  and  fol. 

'Angles  of  Incidence  and  Refraction,  Cofe- 
cants  of  them,  p.  132.  n.  2812.  and  fol. 
Angles ,  decreafing  in  infinitum,  various  Claf- 
fes  of  them,  I.  /.  12.  n.  57.  and  fol. 
Animalcula,  the  Subtil ty  of  their  parts,  I. 
p.  8.  n.  44. 

Animal ,  the  greateft  ACtion  of,  how  deter¬ 
mined,  I.  p.  429.  it.  1856. 

Animals  in  compreffed  Air,  II.  /.  33 ,  it, 
2237. 

— -  cannot  live  without  Air,  p,  35.  n, 

2235.  and  fol. 

Aphelion,  II./.  279.  it.  3701. 


Apfides ,  I.  /.  162.  n.  674.  II.  /.  279.  it . 
3704- 

Line  of  the  Apfides. 

-  Determination  of  the  Motion  of,  L 

/.  162.  n.  674.  and  fol. 

Aqueous  Humour.  See  Humour. 

Archimedes's  Problem  of  mixt  Metals,  how 
folved,  I.  /.  374.  it.  1569.  and  fol. 
Archs  of  the  whole  Vibrations  of  a  Pendu- 
dulum  in  a  Fluid,  of  what  Sort,  I.  /. 
457.  n.  1984.  and  fol. 

Areas  defcribed  by  a  Body  retained  by  a 
centripetal  Force,  I./.  135.  n.  585./. 
1 5 1.  n.  641. 

Arithmetic ,  mechanical,  I.  /.  44.  n.  224.  and 
fol. 

Afcent  of  Bodies  compared  with  their  De« 
fcent,  I.  /.  87.  n.  396.  and  fol. 

Atmofphere  furrounding  Glafs.  See  Glafs. 

--■■■■  of  the  Earth,  II.  /.  2.  n.  2080. 
Atmofphere  of  the  Earth,  its  height.  /.  2.  it. 
2081. 

-  how  difcovered, /.  47.  it.  2303. 

-  EffeCts  of  its  Refraction,  /.  30$.  n. 

3927- 

- -  its  Shadow  the  Caufe  of  the  Eclipfe# 

of  the  Moon,  /.  297.  n.  3854.  and  fol. 

— —  does  not  reach  to  Mars,  /.  298.  n . 
3859. 

Attraction,  I.  /.  16.  n.  73.  II.  /.  3 20.  n . 
4052. 

—  ■«■■■  aCts  by  a  Ample  Application  of  Parts, 
I. /.  18. 7*.  80.  and  fol. 

■ - -  obtains  between  the  fmalleft  Particles. 

/.  16.  «.  74  U  jo. 

—  denotes  the  Phenomenon,  not  the 
Caufe,  I.  /.  16.  it.  73.  and  fol. 

. -  is  the  Caufe  of  Cohefion,  1.  p,  ij. 


*•  79- 

—  in  Fluids,/.  16  «.  76.  and  fol. 

—  ■  in  the  Contact  of  Particles  is  very 

great, /,  16.  75. 

Attraction  changes  itfelf  into  a  repellent 
Force,  ibid. 

— —  is  not  an  occult  Quality.  /.  22.  it. 
98. 

.  of  the  Rays  of  Light,  of  what  Sort, 

II.  /.  1 16.  n.  2724.  /.  127.  n.  2780 . /V 
133.  «.  2816. 

■■ '  where  it  obtains,  /.  131.  ».  2805. 

—  of  Glafs  on  Water.  See  Water. 
Attraction  of  the  Rays  of  Light,  the  Caufe 

unknown,  II./.  12 1.  n.  2753. 

- —  Space  of  /.  1 3 1 .  «.  2806. 

Auges.  See  Apfides. 

Axis  in  Peritrochio,  I.  /.  51.  253./.  51. 

n.  25  6. 

Axis 


Jxh,  in  Peritrochio  joined  to  a  Screw,  p.  6%. 

n.  30A.  ’ r  J' 


INDEX. 


FI 


n.  304.  »  '  —  defcends  fwifter  in  a  CvrlmM  f t, 

joined  to  a  Pulley,  p.  63.  s-  ,0,  “  rI8nJ  ^lne>  A  98.  n.  4J.  an  m 

its  Index.  See  /»<**.  '  '  is  Ranged,  refills  t 

moft  perfedt  Ufe  of  it,  how  determin-  immerfed  in  ,  n  • ,  „ 

’  Ift-r'Jl  n  «5»;  -d  fol.  el  of  itfe?  !'”d\  h°*  it  lof- 


x  w  yJ1  i  now 

ed,  J./.  112.  ».  499 .  and  fol. 

°r  a  ™e^e*  «•  3002. 

of  a  Planet.  See  Planet. 

of  the  Earth.  See  Earth. 


B. 

Balance ,  I.  36.  «.  179. 

-  in  aequilibrio,  /.  38.  ».  iq0. 

- -  Axis  of,  p,  37.*.  l8o. 

-  Center  of,  /.  37.  *.  181. 

-  Person  of  it,  p  4Q.  *.201. 

18  US  ^°intS  ^ulpenfion,  37, 


Weight  of  the  Beam  of  it  in  all  its 
Parts,  how  determined,  p.  249.  I0?4. 

-  deceitful,  />.  39.  ».  19^ 

-  Hydroftatical  355.  *.  ,480.  and  fol. 

' - :.  1]J  whlch  a  fal]mg  Body  raifes  Weights 

a  little,  /.  248,  n.  1072. 

.  required  for  nice  weighing  of  Bodies, 

jJ’  ?  Z'j?:  1522-  P*  364.  n.  1524.  and  fol. 
Banks  of  Rivers.  See  Rivers. 

Barometer,  II.  p.  23.  2Ig4 

n  T '  bjdtoftuial  I.  p.  35o.  ,4JI. 

3663  &dl3e66"eat  f°0neft'  “•  A  2?4-  *. 

^fs.  “  compreffed  Air*  «•  />•  33. «. 
fv"y  Body  >  extended,  I.p.  3.  *.  „ 

“IZdfol  “  lnfinitum>  P-ln.il. 


n.  64. 

-  is  heavy,  p.  31,  ,74. 

—  defending  upon  an  inclined  Plane,  t. 

84.  n.  382.  and  fol.  r 

is  more  difficultly  accelerated  than 
moved,  p.  168.  n.  707. 

—  is  retarded,  p.  169.  *.  714. 

—  hard  in  a  philofophical  Senfe,  p.  jr. 

«.  05.  r  -> 

in  the  common  Senfe,  ibid  n.  64. 

■  elaluck,  p.  21.  *.  g6. 

- -  fluid,  p.  15.  eg. 

heterogeneous,  p.  352. 

-  homogeneous,  p.  352.«.  ,4£0. 

“76;  “  2  philofophical  Senfe,  p.  ,5. 

fal.f  ST?™*  A ' 'S- .»•  64. 


es  of  its  Weight  V  ’  °W  much  “  Iof- 
»•  1488.  and  fol.’  ^  3SS'a'  '478-P-.3S7- 
•  moved  in  a  Cycloid  t,  nr 

'■  «i  ®  t. 

j&i&s-.si'&i' * 

fluking  againfl  the  Scale  of  a  Babin/v. 
raifes  another  greater  *  ,,  lance, 

248-  ».  ,o73.S  ,A  247-  *.  1071.  p. 

fufrers  as  much  as  it  acts  *  .si 

7°9  A  '9 3  *.  836.  and  fol  A  ,69-*‘ 

~~  "  prefles  by  its  IVejVht  t.  , , 

fol.  3'  w-442  p.  124-*.  544.  arid 

"ZnST&f  UpW:'rfids>  h°w  Jong  it  af- 
_ “W3-«.  378.  and  fol. 

_  hPno  Fo  Motion>  A  4-  *.  .9. 

fas  no  Force,  p.  ^6.  ».  602  y 

is  fuhaffied6  :hen  the  Center  of  Gravity 
*-.2  a7440-"  204-  an(J  f°l.  p.  41^ 

».  36<flS  WW“  “  aC<lu]res  Motion,  p.  So. 
—8a£b  by  its  innate  Force,  p.  l66.  ». 

77  240.  n.  1041. 

Its  Properties,  p.  3.  I2.  ancI  foI< 

equalJy  hot  do  not  - -  . 


confilts  of  very  fmall  Particles  *  r?,pe“ics>  /’•  3-  *.  12.  and  fol. 

i4.  -article.,  p.  . vqualJy  hot  do  not  always  aft  in  t 

IS  hpoirir  A  .  •  ..  fame  Manner  upon  the  Amo 


Ame  VTo  v  noc  anvays  ad  in  t 

fame  Manner  upon  the  fame  Body,  II 
83.  ».  2515. 

*  ;  fome  Srow  Bot  more  difficultly  th 

other,  p.  83.  n.  2516.  7 

— -  confilts  of  Parts  cohering  together  1 
Preflure.  See  Prejure.  6 

- - -  movcd  in  a  Fluid  relt  at  lafl,  I.  p.  4C 

-  all  fall  equally  fall  in  Vacuo,  p.  32. 

1 52.  and  fol.  II.  p.  36.  2252.  and  fc 

Bor,a.x.'  “s  ^e!“lty  compared  with  that 
Oil.  bee  Oil. 

Bottom  of  a  River.  See  River. 

Box,  in  which  the  Helioflate  isinclofed.  I 
p.  11 2.  n.  2701.  and  fol. 

Box,  in  which  others  are  inclofed  II. 
122.  ».  2753.  and  fol. 


falls,  if  theCen  ter  o7g!  3  >  64’  n  ,22‘  ••  -753-  and  fol . . 

fuftained,  p.  40.  2C6.  and  fol! *  ^  ^  A  ' 
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Boxes,  having  fpherical  Glaffes,  /.  123,  n . 
2761. 

Boyle ,  his  Experiment  concerning  the  Duc¬ 
tility  of  Gold,  I.  p.  8.  n.  40.  and  fol. 

Bradley  determined  the  Motion  of  Light,  II. 
p.  103.  7i.  2639. 

Brajll  Pebble,  II.  p.  249.  n.  3519. 

Bulks  in  Refpedt  of  the  Denfities,  I.  p.  353. 

71.  I464. 

- - of  Weights  and  Denfities,  ibid.n.  1466. 

C. 

Calcination ,  what,  II./.  86.  n.  2538. 

Camel  eon.  Property  of  its  Eyes,  II.  p.  179. 
n.  3103. 

Capillary  Tubes,  I. /.18.  n.  82. 

— -  — .  immerfed  in  Water,  attract  it,  /.  23. 
n.  104.  and  fol. 

CaJJini  endeavoured  to  determine  the  Velo¬ 
city  of  Light,  II.  p.  99.  71.  2621. 

Caffe  grain  called  himfelf  the  Inventor  of 
the  Telefcope,  II./.  230.  n.  3417. 

Cajl ,  Amplitude  of  it.  See  Afnplitude. 

— — —  Direction  of.  See  Direction. 

Cavity  made  by  repeated  Trials,  II.  /.  202. 
n.  848.  and  fol. 

—  ■■■  is  of  a  determined  Magnitude,  if  it 
be  made  by  a  Body  moved  with  a  deter¬ 
minate  Velocity,  /.  201.  ft.  842.  and  fol. 

— — -  follows  the  Proportion  of  the  Sum 
of  the  Forces  loft,  /.  201.  n .  841.  and 
fol.  /.  208.  n.  872. 

Cavity ,  the  Formation  of  one,  of  what  Sort, 
/.  200.  n.  840. 

Cavities  made  by  Bodies  ftriking  againft  foft 
Bodies,  of  what  Sort,  /.  195.  n.  825.  and 
fol. 

- - made  in  foft  Bodies,  how  meafured, 

/.  268.  n.  973. 

—— —  in  foft  Bodies,  in  what  Time  made. 
See  Times. 

-  do  not  differ  when  the  Heights  are 

inverfely  as  the  Maffes,  /.  198.  n.  834. 

- are  fometimes  to  one  another  in  a 

Ratio  compounded  of  the  Maffes  of  the 
and  the  Squares  of  the  Velocities,  /.  201. 
n  845.  and  fol. 

Caufes  retarding  a  fpouting  Fluid,  I.  /.  380. 
n.  1589.  and  fol. 

Cauftick  Lines,  the  Points  of  them  how  dif- 
covered,  II.  /.  213.  n.  3314.  and  fol,  /. 

j  2.1 7.  n.  3340.  and  fol. 

Celerity.  See  Velocity. 

Central  Force,  fometimes  caufes  a  Body  to 
defcribe  a  Circle.  See  Circle. 

— - —  fometimes  caufes  a  Body  to  defcribe 
an  Ellipfe.  See  Ellipfe. 


Central  Force,  fometimes  caufes  a  Body  to 
defcribe  various  Curves,  I.  /.  147.  n, 
624.  and  fol. 

Central  Force,  a  Body  may  by  it  defcribe  a 
Curve  moveable  about  the  Center  of  the 
Forces,  I.  /.  159.  n.  661.  /.  160.  n.  66c. 
and  fol. 

Central  Forces,  I.  /.  129.  n.  564. 

■ -  of  the  fame  Nature  with  Gravity, 

what  Effedl  they  produce  upon  unequal 
Bodies,/.  147.  ft.  623.  and  fol. 

Central  Forces  compared  together,  of  what 
Sort?  I./.  146.  71.  618.  and  fol. 

«—  are  of  great  Ufe  in  Phyficks,  /.  129. 
7t.  566. 

—  the  Ratio  they  have  one  to  another, 
how  determined,  /.  147.  n.  620. 

-  the  Caufes  of  their  Differences,/.  163. 

n.  591. 

—  are  fometimes  in  an  inverfe  Ratio  of 
the  Squares  of  the  periodical  Times, /. 
145.  n.  616.  and  fol. 

—  in  an  inverfe  Ratio  of  the  Squares  of 

the  Diftances,  /.  147.  n.  621.  and  fol.  /. 
153.  n.  655. 

—  as  the  Quantities  of  Matter,  /.  141. 
ft.  605.  and  fol. 

—  ■  as  the  Diftances  from  the  Center,  p, 
143.  n.  607.  and  fol.  /.  153.  n.  654. 

. in  a  Ratio  compounded  of  the  Quan¬ 
tities  of  Matter  and  Diftances,  /.  143.  ». 
609.  and  fol. 

— —  when  they  are  equal,  /.  144.  it.  61 1. 
and  fol. 

Centrifugal  Force,  I.  /.  1 28.  n.  562; 

— ■  .  is  encreafed  according  to  the  Quanti¬ 

ty  of  Matter,,  p.  135.  n.  588.  and  fol. 

-  is  always  equal  to  the  centripetal  Force,. 

/.  129.  n.  565. 

Centrifugal  Force,  a  Body  moved  by  it  en¬ 
deavours  to  recede  in  the  Tangent  to  the’ 
Curve,  /.  128.  n.  561. 

—  on  a  Plane  begins  to  recede  along 
the  Curve  that  paffes  through  the  Center, 
of  the  Plane,  /.  133.  n.  579.  and  fol. 

Centripetal  Force,  /.  129.  n.  563. 

• - -  is  a  Preffure  adting  upon  a  Body,  /; 

135.  n.  587. 

-  is  given,  w’hen  the  Areas  defcribed  are 

proportional  to  the  Times,  /.  135.«.  586. 
p.  15 1.  n.  642. 

—  is  diminished  with  the  Quantity  of 
Matter,  p.  135.  n.  588.  and  fol. 

—  is  always  equal  to  the  centrifugal 
Force,/.  129.  n.  565. 

Centripetal  Force,  a  Body  in  Motion  retain¬ 
ed  by  it,defcribesa  Curve,  /.  128.  n.  560. 

Centri- - 
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Centripetal  Force,  how  a  Body  endeavours 
to  recede  from  this  Curve,  p.  128.  n. 
561. 

Centripetal  Force,  a  Body  in  Motion  re¬ 
tained  by  it,  what  kind  of  Areas  it  de- 
fcribes.  See  Area. 

—  according  to  what  Laws  fuch  a  Body 
is  moved,  p.  152.  n.  648. 

—  in  what  plane  it  is  moved,  f.  133. 
».  581.  p.  15 1,  n.  640. 

Center  of  the  Attion  of  Powers,  I.  p.  48. 
n.  246. 

—  of  Gravity,  p.  40.  n.  202 .  p.  41.  n. 
213. 

— —  is  demonftrated  to  be  given,  p.  42. 
n.  214.  andfol. 

—  how  inveftigated,  p.  42.  n.  216.  and 
fol. 

—  of  Bodies  joined  how  moved,  p.  105. 
n.  476.  and  fol. 

— ■■■  of  any  Bodies  whatfoever  can  either 
reft,  or  go  uniformly  in  a  right  Line,  p . 
301.  n.  1232. 

«-■  when  it  is  at  Reft,  p.  299.  n.  1223. 
and  fol.  p.  303.  n .  1243.  andfol. 

—  in  a  Ship  is  fometimes  at  reft,  p.  300. 
n.  1 22*j.  and  fol.  p.  303 .  n.  1 245 .  and  fol. 

—  '  —  of  a  Balance.  See  Balance . 

— ■  of  Ofcillation,  p.  93.  n.  425. 

*■■■'■  ■  at  what  Diftance  from  the  Point  of 
Sufpenfion  in  a  right  Line,  p .  93.  n. 
427. 

■  how  determined,  p.  104.  ».471.  and 
fol.  /.251.  n .  1077. 

■v 1  in  Machines  how  determined,  p.  1 1 7. 
n,  522.  and  fol. 

i.  of  Percuflion,  p.  242.  n.  1050. 

_  Coincides  with  the  Center  of  Ofcil¬ 
lation,  p.  242.  n.  1051.  p .  252.  n.  1078. 
and  fol. 

Center  of  Gravity,  its  motion  examined,  p. 
299.  it.  1223.  and  fol. 

common,  p.  301.  n.  1234. 

— ...  the  fame  before  and  after  the  ftroke, 
p.  303.  n.  1242. 

«— -■  is  not  changed,  if  the  bodies  run  a- 
gainft  one  another  direitly,  p.  303.  n. 
1245.  and  fol.  /.306,  «.  1252.  andfol. 

— —  of  Gravity,  its  Motion  is  not  changed 
in  the  oblique  Concourfe  of  two  Bodies, 
p.  304.  n.  1248. 

— —  fometimes  is  not  changed,  although 
the  Motions  of  the  Bodies  be  changed, 
p.  302.  «.  1238.  andfol. 

—  Of  Ofcillation  determined  in  the  Axis 
in  Peritrochio.  p.  11 7.».  526.  andfol. 

—  .  in  the  Pulley  p.  1 19.  n.  530.  andfol. 


Center  in  the  Lever,/.  117.  n.  522.  and 
fol. 

—  of  Percuflion,  its  Property,  p.  252. 
«.  1078. 

Change  of  Force.  See  Force. 

Channels  of  Rivers.  See  River. 

Chord  ftretched,  if  it  be  put  in  Motion, 
fometimes  communicates  Motion  to 
another  Chord,  II.  /.  56.  n.  2372.  and 
fol. 

—  fometimes  is  at  reft  in  the  Middle,  f. 
57.  ».  2375.  . 

—  in  two  Points,  p.  57.  n.  2376. 

Chord,  Elafticity  of.  See  Elajticity. 

-  Sagitta  of  it.  See  Sagitta. 

Chords  of  the  fame  Length  and  Tenflon 
are  bent  by  equal  Forces,  I.  p.  316. 
n.  1290. 

- -  of  Catgut  not  to  be  confldered  at 

Fibres,  p.  314.  ».  1278. 

Chords  of  Metal,  the  Proportions  of  their 
Lengthenings  how  determined,  /.  315.  ». 
1282.  and  fol. 

Choroides ,  II.  p.  174.  n.  3068. 

Circle,  generating,  I.  /.  90.  n.  409. 

—  may  be  defcribed  by  a  body  moved 
with  a  Central  Force,  p.  148.  n.  627.  p. 
149.  n.  634.  p.  150.  n .  638.  p.  152.  n« 
649.  and  fol. 

Circles,  the  Ratio  of  their  Surfaces  to  the 
Squares  of  their  Diameters,  p.  13.  n. 
63. 

Clajfes  to  which  Bodies  ailing  differently 
upon  Light  may  be  referred,  II.  p.  136. 
n.  2830,  p.  137.  n.  2834.  and  fol. 

— ■  ■  ■  of  Infinites.  See  Infinites. 

Clay,  what  Sort  it  ought  to  be,  that  its 
Parts  may  be  eafily  preffed  inwards,  L 
p.  94.  n.  821.  and  fol. 

Clouds ,  how  caufed,  II.  p.  86.  n.  2343. 
- -  their  Colours,  p.  276.  3682. 

—  Two  fmall  ones  in  the  Heavens,  p. 
317.  n.  4040. 

Cocks ,  the  Ratio  of  different  ones  to  one  ano¬ 
ther,  how  explored,  I.  p.  439.  n.  1903. 
Cohefion  of  two  leaden  Balls,  I,  p.  18.  n„ 

8i. 

-  of  Parts,  p.  13.  n.  69. 

— —  to  be  attributed  to  Attraction,  p.  17. 

6-  79-  . 

.  in  Fluids  illuftrated  by  Experiments, 

p.  397,  n.  1661.  and  fol. 

-  fometimes  retards  the  Motion  of 

Fluids,  p.  378.  n.  1383. 

—  accelerates  the  Motion  of  Fluids,  fi. 
394.  n.  1651.  and  fol..  p.  396.  n.  1639. 

—  of  a  Fluid,  is  the  firft  caufe  of  the 

E  e  e  2  Refiftance 


I  N  D  EX. 


Earth,  its  Elevation  at  the  Equator  de¬ 
termined,  p.  365»  n.  4314,  p*  365,  n. 
4322. 

_  Figure  of  it,  p.  364,  n.  4309,  and  fol. 

determined,  p.  393,  n.  441  3,  and  fol. 

--  on  the  Surface  of  it,  the  Degrees 
encreafe  the  nearer  you  go  to  the  Poles, 
p,  $66,  n.  4329. 

—  .  Motion  of,  p.  28 1 ,  n.  3729,  p.  282.  n. 
3740,  and  fol.  p.  333,  n.  4136,  and  fol. 

■  ■-  Effects  of  its  Motion  about  its  Axis, 

p.  300,  n.  3876,  and*  fol. 

—  Phaenomena  of,  according  to  the  dif¬ 
ferent  Situation  of  a  Spectator  on  its 
Surface,  p.  303,  n.  3906,/?.  307.  n.  3944, 
and  fol. 

. -  the  Surface  of  it  is  unequal,  I.  p. 

402,  n.  1683. 

Eajiern  Part  n.  II.  p.  304,  n.  3915. 

Eaft,  Point  of,  p.  304,  n.  3918. 

Echo.  See  Sound. 

Eclipfe  of  the  Moon.  See  Moon. 

—  of  a  Satellite,  II,  p.  294,  n.  3825. 

—  Of  the  Sun.  See  Sun. 

Eclipfes ,  Line  of,  p.  288.  n.  3782. 

Ecliptick  Plane  of,  p.  279,  n.  3707. 

. -  Poles  of,  p.  289,  n.  3790. 

i...—  Beginning  of,  p.  288,  «.  3785. 

EJfeCt  of  an  Adtion  againft  an  Obftacle,  in 

what  Ratio,  I.  p.  169,  n.  709. 

-  great  of  a  Machine,  p.  no,  n.  491. 

—  of  Force,/?.  166,  n.  690,  p.  168,  *.708. 
-  When  a  Body  ftrikes  againft  a  foft 

Body,  p.  193,  n.  825. 

Effects  of  Forces  reduced  to  a  Meafure, 
p .  193,  ft.  819.  p.  194,  n.  821. 

■■■—»-  fometimes  are  in  a  Ratio  compounded 
of  the  Mafles,  and  Squares  of  the  Velo¬ 
cities,  p.  193,  n.  ,818,  and  fol. 

Eighth  or  Diapafon,  p.  55,  n.  2362. 

Elajiick  Force.  See  Force. 

Elajiick ,  equal  Bodies,  when  they  are  car¬ 
ried  towards  the  fame  Part,  continue  their 
Motion  with  changed  Velocities,  I.  /, 
262,  n.  1 120.  and  fol. 

—  when  they  are  carried  towards  con¬ 
trary  Parts,  they  go  back  with  changed 
Velocities,  I.  p.  262,  n.  1120,  p.  263, 
n.  1 123,  and  fol. 

- -  if  one  ftrikes  againft  another  at  reft, 

and  the  Velocities  be  charged,  what  hap¬ 
pens,  p.  263,  n.  1125,  and  fol.  of  what 
Parts  they  confift,  p.  314,  n.  1278. 

—  linking  againft  a  fixed  Obftacle,  re¬ 
turn  with  the  fame  Velocity,  with  which 
they  came,  p.  234,  n.  1086. 

— —  in  a  fhip,  if  they  run  againft  one  ano¬ 


ther,  with  what  Velocities  they  return^ 
p.  259,  n.  1 107,  and  fol.  are  feparated 
after  the  Stroke,  p.  2 1 7.  n.  930. 

— —  if  they  run  againft  one  another  di- 
rettly,  fometimes  they  both  return  with 
the  fame  Velocity,,  which  they  had  before 
the  Stroke,  p.  257.  ft.  1100,  and  fol. 

- if  three  concur,  with  what  Adlion 

they  are  feparated,  p.  288,  n.  1194,  p; 
295  .n.  1217,  ancl  f°l* 

Elajiick  Bodies,  their  mutual  Action  illuftra- 
ted,  p%  267.  n.  1137,  &  fol. 

. . .  Reftoration  of  their  Figure,  what  it 

produces,  p.  266,  «.  1134. 

- -  Velocities  of,  after  the  Stroke,  by 

what  Laws  determined.  See  Laws. 
Elajiicity,  I,  p.  21,  n.  06. 

— —  of  Air.  See  Air. 

—  of  a  Chord  is  of  the  fame  Kind  with 
Gravity,  p .  316,  #.  1292. 

— — .  of  Fibres,  whence  produced,  p.  314, 
n.  1 279. 

•  -  of  Plates  is  examined,/?.  324.  n.  1322, 

and  fol. 

Elajiicity  imperfeft,  p.  254.  n.  1084. 

—  - -  perfeft,  p.  253,  n.  1083. 

•s - -  communicates  a  greater  Velocity,  p . 

329.  n.  1350,  p.  332,  n.  1363,  and  fol. 
Elajiicity ,  Diverfity  of  it  in  Bodies  of  the 
lame  Kind,  upon  what  it  depends,,/.  323, 
ft.  1-321. 

- - .  the  Laws  of  it  how  explored,  p.  320» 

n.  1304*  and  fol.. 

Electricity,  It*  p.  72,  ».  2453. 

Electricity ,  the  Afition  of  it  ceafes  in  Vacuo, 
p.  76,  n.  2469,  p.  76,  n.  *474. 

— —  Caufe  of  it  and  Fire  have  a  Relation 
one  to  the  other,  p.  72,  #.  2454,  and  fol. 

•  - various  Effedis  of  it,/.  72, n.  2455,  and 

fol./. 74,  n.  2463,  and  fol. 

—  in  Glafs,  the  Caufe  of  it,  p.  76,  n. 
2471,  and  fol. 

.. Ellipfis ,  fometimes  defcribed  by  the  central 
Force  of  a  Body  in  Motion,  I.  p.  147. 
n.  626.  p.  148,  n.  633.  p.  149.  n.  637. 
p.  154,  n.  656,  and  fol. 

—  a  moveable  one  may  be  defcribed  by 
a  Body  in  Motion,  p.  148,  n .  630.  and  fol. 
p.  149,  ».  63  c,  and  fol.  p.  160,  n.  66 8, 
and  fol. 

Ellipfe,  Defcription  of  it,  p.  147,  n.  62$. 

- - angular  Motion  of  it ,  p.  162,  n.  674. 

and  fol. 

- -  fome  Properties  of  it,  II.  p.  3 67,  n. 

4339,  and  fol. 

Elongation  of  the  Planets,  II.  p.  290,  n.  3797- 
.  . .  greateft,  p.  290,  ft.  3798. 
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Error  of  many  who  compare  Machines  to¬ 
gether,  I,  p.  1 15,  ».516. 

Evaporation,  what,  II.  p.  86,  n.  2538. 
Evening.  See  Twilight. 

Eccentricity  of  the  Planets,  II.  p.  279,  n. 
3698. 

Exhalation ,  what,  II.  p.  86,  n.  2538. 
Exhalations ,  are  fet  on  Fire  by  the  Sun’s 
Rays,  p.  89,  n.  2562. 

- - -  and  by  the  Mixture  of  various  Exha¬ 
lations,  p.  89,  n.  2562,  and  fol. 
Exhalations  fet  on  Fire  in  the  Air  produce 
fiery  Meteors,  p.  89,  n.  25 66. 

■ —  <  inflammable  confifl  of  the  Food  of 
Fire,  89,  ti.  2560. 

— -  -  fome  contain  Fire,  p.  87,  n.  2546. 
Extenfion  to  be  firft  considered  in  Body,  I. 
p.  3,  ».13. 

Extended ,  every  thing  that  is  fo,  is  not  Body, 
I,  p .  3,  n.  13* 

Extinction  of  Fire.  See  Fire. 

Eye  artificial,  II.  p.  166,  n.  3015. 

— —  changes,  that  Vifion  may  not  be  con¬ 
fided,  p.  1 77,  n.  3089,  and  fol. 

Eyes  of  fhort  lighted  People,  the  Fault  of 
them  here  correded,  p.  185,  n.  3144. 

■  .  Fault  of  old  Men’s,  how  correded, 

p.  185,  n.  3139. 

Eyes ,  why  an  Objed  feen  with  both  Eyes 
appears  fingle,  p.  178,  «.  3102,  and 
fol. 

— w  when  an  Objed  appears  double,/?.  1 79, 

n.  3105. 

F. 

Fibre ,  lengthening  of.  See  Lengthening, 
Fibres ,  Elafticity  of.  See  Elajiidty . 

■  ....  depends  upon  their  Tenfion,  I .  p.  314, 

n.  1280. 

— is  deftroyed  if  the  Fibres  be  flretched 
with  too  much  Force,  p.  314.  n.  1281. 
Fifth,  or  Diapente,  II.  p.  55.  n.  2363. 
Figurable ,  Body  is,  I,  /?-  4,  n.  20. 

Fire  is  attraded  by  Bodies,  II.  p.  63.  n. 

2399. 

—  is  found  in  all  known  Bodies,  p.  6 3, 
n.  2399,  p.  71,  n.  2452,  and  fol. 

— —  -  joins  itfelf  to  Bodies,  p.  63,  n.  2897. 

- -  penetrates  into  all  Bodies,  p.  63,  n. 

2396. 

— ...  ■  but  not  with  equal  Eafe,  p.  63.  n. 

2400.  p.  83,  n.  2516,  p.  84.  n.  2520. 

. -  more  eafily  penetrates  into  a  hotter 

Body,  p.  84,  «.2521,  and  fol. 

— —  is  extinguifhed,  though  the  Food  of 
it  remains,  p.  93,  n.  2582. 

- - and  when  Air  is  abfent,  /7.  93.  2583, 

and  fol. 

Fire,  that  it  may  not  be  extinguifhed,  there 


are  required  fome  particular  Particles,  p, 
93,  n.  2586,  and  fol. 

•  - -  when  enclofed  every  way,  is  foon  ex¬ 

tinguifhed,  p.  94,  n.  2389,  and  fol. 

-  why  extinguifhed  by  Water,  p.  93,  n. 

2593,  and  foi. 

•  - ■  in  Bodies,  is  retained  by  circumam¬ 

bient  Bodies,  p.  64,  n.  2401,  p.  84.  ». 
2526,  and  fol. 

■  -  what  Parts  it  feparates  in  Combuflion, 

/».87,  n.  2547,  and  fol. 

■  - -  entring  into  a  Body,  ads  upon  the 

Fire  contained  in  the  Body,  p.  85,  n. 
233 1,  and  fol. 

—  may  have  a  very  fwift  Motion,  p.  64, 
n.  2402. 

•  -  does  not  alter  the  Particles  of  Water 

to  which  it  adheres,  p.  86,  n.  2542. 

•  -  always  turns  the  Bodies  into  a  Fluid, 

whofe  Parts  it  feparates,  p.  86,  n.  2537.. 

—  ■  moved  in  different  Lines,  excites  the 
greater  Heat,  p.  65,  n.  2413. 

•  -  how  it  ads  upon  Bodies  calcined,  to 

diffolve  them,  p.  90,  n.  2367,  and  fol. 

•  -  carries  along  with  the  Parts  of  Bodies 

feparated  in  Exhalations,  p.  86,  n.  2341. 

- -  where  it  is  faid  to  be,  p.  63.  2393. 

— —  contained  in  Glafs  is  more  eafily 
moved  in  Vacuo,  p.  74,  n.  2463,  p.  76, 

n.  2473* 

- - .  does  not  want  Air  to  make  it  appear, 

p.  79,  n.  2486,  and  fol. 

Fire ,  by  the  Adion  of  it,  Bodies  are  dilated,. 

p.  64,  n.  2403.  p.  67,  n .  2426,  and  fol. 
i.n  .  and  make  an  Elaflick  Fluid,  p.  64, 
n.  2404. 

. -  the  more  fubtilc  Parts  of  Bodies,  pene¬ 

trate  into  Bodies,  p.  64,  ».  2407.  p.  90,. 
n.  2369. 

— -  ..  the  Particles  of  Bodies  acquire  an 
Elaflick  Force,  p.  69,  n.  2440,,  and  fol. 

- - .  a  repellent  Force,  p .  68,  n.  2436. 

—  the  Weight  of  Bodies  is  fenfibly  en- 
creafed,  p.  90,  n.  2370. 

Extindion  of  it,  p.  93,  n.  2581. 

- -  the  Motion  of  it  triple,  p.  82,  n .  2500, 

and  fol. 

Fire ,  continues  in  Motion,  till  the  Degrees 
of  Heat  are  equal,  p.  8  2,  n.  2303. 

_ .  if  it  moves  more  difficultly  towards 

fome  Parts,  its  Motion  is  encreafed  to¬ 
wards  others,  />.85,  n.  2530. 

. -  the  intimate  Nature  of  it  is  unknown* 

p,  63,  n.  2392. 

- -  Food  of  it 

-  Weight  of  it  not  fenfible,  p.  64, 

2408,  p.  99,  2371,  and  fol. 

— —  Tokens  of  its  Prefence,  p.  63  n.  239^. 

p.  65,  n.  24*9,  and  fol.  p.  6 7,  n.  2423. 

Firs. 
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Fire  confumes  Bodies  in  Vacuo,  but  without 
Flame,  p.  91,  n.  2576,  and  fol. 

Fijb,  Tome  cannot  live  without  Air,  IT.  p. 
33»  2236. 

Flame ,  how  caufed,  II,  p.  8 7,  «.  2553. 

-  why  pyramidal  in  the  Air, p.8  8,  n.  2555. 

- - would  be  cylindrical,  if  the  lateral  jDif- 

fipation  were  fet  afide,  p.  88,  n.  2556,  and 
fol. 

Fla7nftead  obferved,  that  Saturn  diflurbs  the 
Motion  of  Jupiter’s  Satellites,  li.  p.  321, 
n.  4063. 

Flints  tranfparent  divide  an  homogeneous 
Ray  into  two  in  Refradtion,  II.  p.  248, 
p.  35 1 S,  and  fol. 

Fluidity  all  depends  upon  Heat,  II.  p  68,  n. 
2438. 

— —  whence  it  arifes,  I,  p.  340,  n.  1409. 
Fluid  Body,  I.  p.  1  7,  n.  68. 

— —  afcends  towards  the  Bodies,  which  at- 
tradl  it,  p.  20,  «.91. 

— ■  -  -  is  hollowed,  when  repelled,  ibid. 

— -  acquires  the  Weight  which  an  immerf- 

ed  Solid  lofes,  p.  359,  n .  1503,  and  fol. 

. -  contains  fometimes  at  the  Bottom  a 

Body  lighter  than  itfelf,  p.  363,  n .  1518, 
and  fol. 

. -  elaftick  is  produced  by  a  cold  Effer- 

vefcence,  II.  p.  70,  n.  2448,  and  fol. 
Fluid  elaftick,  how  and  what  Sort  of  one  is 
feparated  from  Water,  II,  p.  1 1,  n.  2129, 
and  fol,  p.  24,  n.  2194,  and  fol. 

. -  is  more  heavily  preffed,  by  a  lighter 

floating  on  the  Top  of  it,  I,  p.  343,  n. 
1426,  and  fol. 

.  —  in  a  T ube,  by  what  Adtion  removed 
or  retarded,  p,  418,  n .  1785,  and  fol. 

* — — -  afcends  to  the  fame  Height  in  any 
communicating  Tubes  whatfoever,  p.  3^2, 
n.  1422,  and  fol. 

_ _  defcends  falter  out  of  a  Veflel,  that  has 

aTubejoined  to  it, p.  394,  n.  1652.  andfol. 

moved  through  a  Tube,  what  lateral 
PrelTure  it  exerts  upon  it,  p.  418.  n.  1781. 
and  fol.  p.  422,  n .  1807.  andfol, 

- -  in  what  Time  it  goes  or  comes  in  a 

Cylindrick  curve  Tube,  p.  41 1.  ».  1749. 
and  fol. 

- -  is  moved  with  the  fame  Celerity,  at 

what  Fart  foever  the  PrelTure  is  taken 
away,  p.  376,  n.  1574. 

• -  prelfes  according  to  the  Ratio  of  the 

Height,  and  not  the  Quantity,  p.  347, 
1441,  and  fol.  p.  350,  n.  1453. 

— —  preftes  upwards  and  downwards  with 
the  fame  force,  p.  349,  n,  1448,  andfol, 

/•  351»  »•  *457* 


— —  laterally  as  well  as  vertically,  p.  34^ 

»•  H45»  F-  349»  »•  H47- 
-  by  prefture  acquires  velocity,  p.  376. 

n.  1575,  and  fol. 

•  -  prefled  by  a  fuper-incumbent  Fluid, 

with  what  Velocity  it  fpouts  out  of  a 
Hole,  p.  378,  »..1583,  p.  378.  tt.  1584, 
and  fol. 

•  -  the  lefs  it  is  comprefled,  the  lefs  Adlion 

of  Fire  caufes  it  to  boil,  II,  p.  85,  n.  2534. 
and  fol. 

•  -  fpouting  may  be  confidered  as  feveral 

Solids  following  one  another,  I.  p.  383, 
n.  1612. 

-  rifes  higher,  when  its  Diredlion  is  a 

little  inclined  to  the  Horizon,/?.  381, 
n.  1594.  and  fol.  /?.  383,  n.  1612. 

—  what  to  be  obferved,  to  make  it  Ipout 
higher,/?.  381,  n.  1594,  and  fol.  /?.  381. 
n .  1599,  andfol. /?.  382,  #.  1606,  andfol. 

- -  can  only  fpout  to  a  certain  Height, 

p.  383,  n.  161 1,  and  fol. 

Fluid,  when  it  fpouts  to  the  greateft  diftance 
of  all,  p.  388.  n.  1621,  andfol. 

•  -  with  what  Velocities  it  goes  out  of 

different  Holes,  /?.  379,  n.  1586.  and  fol. 

<► -  fometimes.  it  fuftains  a  Body  fpecifi- 

cally  heavier  than  the  Fluid,  /?.  360,  n, 
1506,  and  fol. 

v  fpouting  vertically,  how  high  it  rifes, 
p.  380,  n .  1588,  and  fol. 

- -  moves  very  fall,  whilll  it  defcends  ver¬ 
tically,  p.  394.  n.  1651.  and  fol.. 

Fluid,  the  A&ion  of  it  is  PrelTure,  /?.  437. 
n.  1893. 

—  its  Aflion  upon  a  Body  lighter  than 
itfelf,  which  is  retained,  is  the  fame  as 
upon  a  Body  heavier  than  the  Fluid,  /.361, 
n.  1  5 1  2,  and  fol. 

—  upon  the  Bottom  and  Sides  of  a  Veflel 
containing  it,  encreafes  with  the  Height 
of  the  Fluid,  /?.  344,  n.  1430,  p.  347, 
n.  1441,  and  fol.  p.  350.  n.  1453,  and  fol. 

—  the  Adlion  of  a  Fluid  moved  againlt 
an  Obflacle  at  reft,  of  what  Kind,  p.  414, 
71.  1 760,  and  fol. 

—  and  againll  an  Obflacle  moved  with 
the  Fluid,  of  what  Kind,  p.  41 7.  ».  1 777- 
— —  when  greateft,/».  417,».  1778,  and  fol. 

—  the  Impetus  of  a  Fluid  in  Motion  is 
its  PrelTure,  p.  414,  n.  1759. 

—  a  Quantity  of  one  flowing  cannot  be 
determined  from  the  Velocity  being 
known,  /?.  389,  «.1631. 

—  Quantity  of  a  Fluid  flowing  out  of 

Veflels,  of  what  Kind,  p.  388,  ».  1625, 
and  fol. 

Fluid, 


index. 


Fluid  a  greater  Quantity  will  runout,  if  the 
lower  Aperture  of  the  Tube,  through 
which  it  pades,  be  encreafed,  p.  ,q6  » 
i6j8,  and  fol.  ?  39 

— —  the  Quantities  going  out  of  equal 
Holes,  in  what  Ratio,  p.390,  n.  163;. 

Quantities  running  out  of  different 
Holes,  m  what  Ratio,  f.  391  1638 

and  fol.  J  9 

-  the  Particles  of  a  Fluid  running  out, 

acquire  their  whole  Velocity,  in  Tvery 
Short  Time,  f.  377,  ,579)  and  fol 

1 1 '  ~  Particles  that  go  out  don’t 

move  flower  than  the  following  ones,  p. 
376,  ».  1576,  and  fol. 

Fluid,  the  lower  Particles  of  one,  how  pref- 
fed  by  thofe  above  them,/.  341,«.  1414, 
and  fol.  T 

-  Retardation  of  one  in  a  Tube,  in  the 

Ingrefs  and  Egrefs,  of  what  Sort,  /.  422, 
it.  1 806. 

— -  Surface  of,  why  flat,  p.  341,  i  4I3. 
Fluids  are  dilated  by  Heat,  II,  p.  67,  n. 
2428,  and  fol, 

~  conlifl:  of  Particles  of  the  fame  Nature 
with  thofeof  other  Bodies,  I,  p.  340,  *. 

1410. 

"  what  they  agree  with  folid  Bodies, 

p.  3400,  ».  1411. 

-  fome  are  not  reduced  into  a  lefs  Space 

by  Compreflion,  II,  p.  j,  n.  2074. 

-  are  elaftick,  p.  I,  *.  207c,  p.  10,  n. 

2118,  and  fol. 

*  1  elaftick,  various,  how  produced,  p.  10, 

n.  2119,  and  f°l*  /.  34»  2239. 

Fluids,  their  Denfities.  See  Denfety. 

~  elaftick,  their  Particles  don’t  touch 
one  another,  p.  12,  n.  2135. 

- -  in  Motion,  their  lateral  Afh’on  exa¬ 
mined,  I,  p.  418,  n .  1780,  and  fol. 

—  their  Impetus  examined,  p.  414,  ». 
1758,  and  fol. 

- -  all  their  Particles  are  at  reft,  p.  342, 

n.  1421. 

Focus  of  Rays,  If,  /.  144,  n.  2875. 

• —  ■■  when  at  a  lefs  Diftance,  p.  144,  n. 
2877. 

-  imaginary,  p.  144,  #.  2876. 

Foot  Royal  of  France,  its  Proportion  to  the 
Rhinland \  I.  p.  398,  n.  1664.  • 

Foot  cylindrick  of  Water,  Weight  of  it,  p. 
449,  *.  1944. 

— —  Cubic,  of  Water,  its  Weight,  /.369. 

n.  1531,  p.  449,  n.  1944. 

Force ,  J,  p.  1 67,  n.  694. 

-  accelerating  that  ads  upon  the  Parti-  - 

c!es  of  Air,  II,  p.  60.  «.  2383,  and  fol. 
- -  loft  of  a  Body  moved  in  a  Fluid,  from 


the  Reliftance  from  the  firft  Caufe,  pro* 
portional  to  the  Space  run  through  I  p 
453»  »•  i960.  6  * 

- -  how  determined  from  the  Effeds,  p 

231,  «.  1002.  r' 

*  77  in  tlie  dire&  Concourfe  of  three  Bo¬ 
dies,  /’•  285,  «.  1183,  A  293,  n.  1213. 

"  .  e  diredt  Percuflion  of  feveral  Bo¬ 

dies  joined,  p.  243,  *036. 

*  -  acquired  in  falling,  p.  178,  734. 

~  Centrifugal.  See  Centrifugal. 

~  Centripetal.  See  Centripetal. 

T*  deftroyed,  its  Ratio  to  the  Change  of 
^orcein  Collifion,  p.  237,  n.  1024.° 

— -•  in  Collifion,  with  a  given  Velocity, 
determined,  p.  243,  «.  io5z. 

«—-  in  a  Stroke  in  the  Collifion  of  three 
Bodies,  p.  284,  n.  1179. 

— -  how  determined,  p.  228,  ».  983,  and 
rol.  /.  234.  n.  1009,  p.  243,  n.  1063. 
— is  the  fame,  if  the  refpe&ive  Velocity 
is  the  fame,  /.222,  ».936,  and  fol. 

-  differs  from  Preffure,  p.  169,  «.  714. 

and  fol. 

—  elaftick  fometimes  is  communicated 
by  the  Action  of  Fire,  II.  p.  69,  n.  2440, 
and  fol. 

- -  and  from  other  Caufes,  p.  70,  n.  2448. 

-  generated  by  Preflure, I./.  167,  n.  69 6, 

and  fol. 

— —  and  Inertia  differ  relatively,  p.  1 66, 
n.  691. 

in  the  Collifion  of  Bodies,  what  deftroyed. 
See  Collifon. 

“  in  the  Collifion  of  three  Bodies,  two 
of  which  are  carried  one  Way,  and  the 
third  the  other  Way,  of  what  Kind,  p . 
284,  n.  n 81,  and  fol,  p.  293,  «.i2i2. 
Force  bending,  p.  31  6,  «.  1286. 

— •  what  Ratio  it  bears  to  the  ftretching 
Force,  p.  3  ?  6,  n.  1287. 

- -  innate,  p.  4,  n.  18,  p.  78,  «.  3 36. 

is  n°t  altered  unlefs  by  an  extraneous 
Aftion, /.  78,  «.  356. 

■ -  n  lefs  fometimes  prevails  before  a 

greater,  p.  227,  n .  980,  and  fol. 

—  does  not  always  follow  the  Proportion 
of  the  Square  of  the  Velocity,  p.  274.  n . 

1 1 58. 

"•  none  loft  in  the  Collifion  of  elaftick  Bo¬ 
dies,  p.  234,  n.  1084,  and  fol. 

-  never  immediately  deftroys  Force,  p. 

218,  n.  937,  and  fol. 

-  may  be  diminifhed  by  Preflure, /.  168, 

n.  708. 

— -  whereby  a  certain  Celerity  is  commu¬ 
nicated  in  compound  Motion,  how  de¬ 
termined,  p,  273,  11.  1156,  and  fol. 

F  f  f  Force 
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Force,  which  detains  a  Body  in  a  Circle,  /. 
152,  n.  649,  and  fol. 

i — —  refradb'ng  is  fenfibly  as  the  Denfity,  II. 
/.  136,  n.  2831. 

-  repellent  is  communicated  to  Particles 

by  the  AClionof  Fire,  /.  68,  n.  2436. 

- -  refolved,  cannot  be  again  fo  refolved, 

that  each  of  them  will  be  proportional  to 
the  Squares  of  the  Velocities,  I,  /.  274, 
n.  1 159. 

—  exceeds  Preflure,  p.  168,  n,  701. 

- - is  equal  to  the  Action  of  the  Preflure, 

which  communicated  it,  p.  167,  n.  700. 
Force ,  the  infinitely  fmall  Change  of  it,  in 
what  Ratio,  p.  240,  n.  1039,  an^  f°h 
Force  innate.  Body  atts  by  it.  See  Body. 
Forces  abfolute  when  communicated  by  the 
moving  Caufe,  which  itfelf  alfo  is  moved, 
what  happens,  p.  268,  n.  1 1 39. 

— —  acquired  in  falling,  when  equal,/.  187, 
n.  790,  p.  198,  n.  834. 

- -  Central.  See  Central. 

- .  Of  Bodies  themfelves  on  Light,  how 

difcovered,  II.  /.  141,  n.  2859,  and  fol. 
Forces  impreffed  by  a  bent  Spring,  of  what 
Kind,  I.  p.  254,  n.  1087,  and  fol.  /.  257. 
n.  1096,  and  fol. 

-  innate  of  Bodies  in  Motion,  of  what 

Kind,  /.  1 77,  «.757,  /.  182,  n.  778,  and 
fol. 

- -  whole  bending  Plates,  are  in  a  dupli¬ 
cate  Ratio  of  the  Bendings,/.  327,«.  1341. 

—  if  loft,  what  is  the  Effect,  /.  193,  n. 
8i8,  and  fol. 

—  are  proportional  to  the  Effects,  /.  1 69. 
n.  709,  and  fol.  /.  199,  n.  836,  and  fol. 

- oblique  demonftrated,  /.  50,  n.  252. 

- <  of  Pendulums.  See  Pendulums. 

-  which  equally  lengthen  Fibres  equally 

long,  are  not  as  the  Quantities  of  Matter 
in  the  Fibres,  /.  323,  n.  132 or. 

- -  which  are  confumed  in  making  equal 

Cavities,  are  equal,  /.  1 96,  n.  826,  and  fol. 

-  whereby  Parts  of  the  Segments  of 

Spheres  are  prefled  inwards,  of  what  Sort 
/.  336j  *•  I391-  . 

—  .  whereby  Bodies  are  ftruck,  of  what 

Sort,  p.  336,  n.  1  392. 

- -  all  the  Particles  a  <ft  upon  Light,  how 

compared,  /.  140,  n.  2853. 

- -  are  equal  if  the  Squares  of  Velocities 

are  inverfiy  as  the  Mafles,  /.  179,  n.  738. 
/.  184,  n.  785,  and  fol.  /.  200,  n.  838. 

- -  are  fometimes  as  the  Mafles,  /.  177. 

n.  748. 

-  fometimes  as  the  Squares  of  the  Ve¬ 
locities,  /.  178,  n.  753,  /.  450,  n.  1948. 


- fometimes  as  the  Velocities,  /.  187, 

n.  791. 

Forces ,  their  Actions,  /.  193,«.  817,  and  fol. 

-  Comparifon  of  them,  /.  177,  n.  747, 

and  fol. 

Decrements  in  Collifion,  of  what 
Kind,  /.  224,  n.  965. 

- - Deftru&ion  of,  /.  193,  n.  817,  and  fol. 

-  EfFeCts  of,  brought  to  a  Meafure.  See 

Effeas. 

■  .■■■  muft  be  unequal,  that  unequal  Bodies 
concurring  may  be  at  Reft,  /.  225,  n.  968, 
and  fol. 

—  innate  of  elaftick  Bodies,  their  Sum 
after  the  Stroke  is  equal  to  the  Sum  of  the 
Forces  before  the  Collifion,/.  254,».  1085. 
/.  266,  n.  1135,  and  fol. 

—  Meafure  of,  how  difcovered,  /.  273, 
n.  1152. 

— —  Changes  of  in  Collifion,  happening  in 
certain  Times  examined, /.  239,  n.  1037, 
and  fol. 

-  during  the  Collifion  demonftrated  geo¬ 
metrically,  /.  236,  n.  1016,  and  fol,  /. 
266,  n.  1 134. 

-  in  an  Inftant  are  to  one  another  as  the 

Velocities  of  the  Bodies,  /.  237,  n.  1023. 

.  the  Nature,  Generation,  and  Deftru- 

tionof  them,  /.  166,  n.  688,  and  fol. 

—  -  whereby  the  Particles  of  Bodies  a& 

upon  Light,  their  Proportions  how  de¬ 
termined,  II,  /.  137,  n.  2837,  /.  142,  ». 
2862,  and  fol. 

• -  the  Sum  of,  before  and  after  the  Stroke 

of  what  Sort,  whether  elaftick  Bodies  car¬ 
ried  in  different  Directions,  run  direCtly 
againft  a  third  at  the  fame  Time,  I,  /. 
291,  n.  1203,  p.  298,  n.  1221. 

— —  in  the  Collifion  of  three  Bodies,  which 
are  at  reft  after  the  Stroke,  /.  284  ,n.  1180. 

—  diminifhed,  if  a  Body  runs  againft 
another,  /.  217,  >n.  932. 

»■-  •  of  what  Kind,  if  two  Bodies  are  at 
reft  after  the  Stroke,  /.  223,  n.  960,  and 
fol.  /.  234,  n.  1009. 

- — .  when  irr  Percufiion  feveral  Bodies  joined 
are  at  reft  after  the  Stroke,  /.  244,  n. 
1037,  and  fol. 

Fountain  Hero’s,  /.  40,  n.  2268,  and  fol. 

Fourth,  or  Diatefleron,  II,  /.  55,  n ,  2364. 

Friaion  to  be  overcome  by  the  Power  in  a 
Machine,  I,  /.  58,  n.  284. 

—  in  Screws,  /.  58.  n.  285. 

-  retarding  a  fpouting  Fluid,  how  to  be 

diminifhed,  /.  381,  n.  1596,  and  fol. 

Full  Moon,  II,  /.  296,  n.  3839. 

Fufion ,  what,  /.  86,  n.  2538. 


G. 
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G, 

Generating  Circle.  See  Circle, 

Glafs  attrafts  Water,  I,  /.  22,  n.  99,  and  fol. 

—  rubbed,  why  it  emits  Fire,  II,  p.  76, 
n.  2472. 

-  burning,  p.  170,  n .  3051,  and  fol. 

Glafs,  the  Surface  of  it  furrounded  with  a 
certain  Atmofphere,  /.7 6.  n  2471. 

Glajfes ,  of  Ufe  in  Vifion.  See  Vifion. 

Glajfes,  the  Confideration  of  their  Surfaces 
affords  fix  Clalfes, /.  164,«.  2968,  and  fol. 

Globe  of  Glafs,  put  in  Water  goes  toward 
the  Sides  of  the  Veffel,  I,  p.  21,  n.  92. 

— —  goes  towards  the  Middle,  if  the  Vef¬ 
fel  be  over-filled,  p.  21,  n.  93. 

Globes  of  Iron,  laid  upon  Mercury,  approach 
one  another,  p.  21,  n.  94. 

—  of  Glafs,  laid  on  Water,  come  to¬ 
wards  one  another,  p.  21,  «.  92. 

Gold,  its  Denfity.  See  Denfty. 

-  Duftility,  I,  p.  8,  n.  41,  and  fol.  p. 

13,  n.  63. 

- -  fpecifick  Gravity  compared  with  that 

of  Water,  /.  369,  n.  1509. 

- -  Bulk  compared  with  that  of  Silver,  p. 

13.  n.  63. 

- - Gravity,  I,  p.  31,  n.  148,  II,/.  320. 

n.  4051. 

— —  afts  upon  Bodies  in  Motion,  as  in  thofe 
at  reft,  I,  p.  82,  n.  371. 

— —  does  not  communicate  equal  Degrees 
of  Force  to  a  Body,  p.  178,  n.  755. 

—  deftroys  Motion  in  an  afcending  Body, 

P •  83,  n,  377* 

— —  is  univerfal,  II,  p.  319,  n.  4047. 

-■■■  .  in  a  Fluid,  why  not  fenfible,  I,/.  340, 
n.  141 1. 

. -  of  Particles  is  preferved  in  a  Fluid,  p. 

340,  n.  1 41 1 . 

—  on  a  Sphere,  II,  p,  325,  «  4082,  p, 
327,  n.  4100,  and  fol. 

not  every  where  the  fame,/.  366,  n. 
n.  4333»  and  fol. 

— ■  decreafes,  as  you  recede  from  the  Cen¬ 
ter  of  the  Earth,  /.  322,  n.  4075. 

— -  diminifhed  under  the  ./Equator, /.  364, 
n.  4310. 

— ■ —  as  you  recede  from  the  Pole,  /.  336, 
n.  4149. 

»■-  .  mutual  of  Bodies  is  not  fenfiblo  near 
the  Earth,  /.  321,  n.  4068. 

under  the  ./Equator,  /.  324,  n .  4080, 
/.  367,  #.-4336. 

under  the  Pole,  /.  324,  n.  4080,  /. 
366,  n.  4333,  and  4335,  and  fol. 

—■■■  .  does  not  follow  from  any  thing  known 
to  us,  /.  327,  n,  4099. 


• -  proved,  /.  320,  n.  4054,  and  fol. 

- .  in  various  Cafes,  /.  325,  n.  4083: 

-  refpeftive,  I,/.  357,  n.  1491, and  fol. 

- — ■  fpecifick  of  a  Body,  /.  352,  n.  14,62. 
Gravity,  the  A  ft  ion  of  it  upon  all  Bodies 
the  fame,  /.  32,  n.  155. 

-  ■  -  Center  of.  See  Center, 

-  Determination  of  in  different  Places, 

II*  P •  377»  «•  4432»  and  fol. 

—  Laws  of  its  Diminution,  /.  372,  n . 
4393,  and  fol. 

-  Diverfity  of,  meafured  by  Pendulums, 

I,  /.’94,  n .  431,  and  fol. 

-  Laws  of  it,  II,  /.  319,  n.  2048,  and 

fol.  /.  321.  ».4066,  and  fol. 

— — ■  common  Center  of  Gravity  of  the 
Moon  and  Earth,  /.  387,  n.  43- 10. 
Gravity ,  Phaenomena  of  it,  I,  /.  31,^.  147, 
and  149,  /.  32,  n.  152. 

Gravities ,  on  the  Surfaces  of  the  Planets, 
II»  /•  339*  n-  4*66. 

■ - -  of  the  Earth  and  Moon,  /.  387,  n, 

4509. 

— — -  Specifick  and  Dcnfities,  in  homoge¬ 
neous  Bodies,  I,  /.  353,  n.  1463. 

Gregory ,  his  Telefcopes.  See  Telefcopes  Ca¬ 
toptric. 

H. 

Halley ,  defends  the  Opinion  of  Rower,  II, 
/.  101,  «.  2631. 

Hardnefs ,  I,  /.  15,  ».  7°* 

Heat  in  a  hot  Body,  what,  II,  /.  64,  n .  2409, 
with  Refpeft  to  us,  /.  65,  «.  2410. 

.  conceived  fooner  by  fome  Bodies  than 

others,  /.  274,  «.  3664. 

- -  is  equably  difperfed  thro’  the  whole 

Mafs  of  a  Body,  /.  82,  ».  2509. 

-  and  Bodies  near  one  another,  /.  82, 

n.  2510,  and  fol. 

—  intimately  joined  with  Light  in  the 
Sun’s  Rays,  /.  66,  n.  2421. 

*—  not  difcovered  in  the  Moon’s  Light, 
/.  66,  n.  2423, 

— —  and  Light,  uncertain  whether  they  are 
ever  feparated,/.  65,  n.  2416,  and  fol. 

—  ■■ »  to  be  attributed  to  the  fame  Caufe, 
/.  63,  n.  2395. 

— —  longer  preferved  by  Bodies,  which 
grow  hot  more  difficultly,  /.  84,  n.  2524. 

—  .  preferved  longeft  by  the  central  Parts 

of  Bodies,  /.  84,  n.  2525. 

—  retained  by  Air  in  Water,  /.  84,  n. 
2527,  and  fol. 

... -  does  not  follow  the  Proportion  of  the 

Quantity  of  the  Fire,/.  83,  n.  25 1 7,  and  fol. 
.... — .  when  it  changes  a  Solid  into  a  Fluid, 

/.  68,  n.  2435,  and  fol. 

jpff2  Heat, 


INDEX. 


Beat,  Caufes  of  it  in  the  Atmofphere,  p. 
313,  n .  4003,  and  fol. 

- -  Diminution  of  it,  on  what  it  depends, 

p.  96,  n.  2604,  and  fol. 

.  greateft  Degree  of  it  that  a  Fluid  can 
acquire,  upon  what  it  depends,  p.  86,  n. 
2536. 

Beat  is  communicated  by  a  hot  Body  to  one 
lefshot,  p.  82.  n.  2504. 

— ■  ■-  dilates  Bodies,  p.  64,  n.  2403,  p.  66, 
n.  2426,  and  fol. 

Hot  Bodies,  many  Ihine,  if  their  Heat  be 
encreafed,  II,  p.  65,  n.  2420. 

Heavens,  II,  p.  286,  n.  3766,  and  fol. 

-  blue  Colour  of,  whence,  p.  286,  n. 

3768. 

Heavenly  Bodies,  why  they  appear  to  be  ap¬ 
plied  to  the  imaginary  Sphere  of  the  Hea¬ 
vens,  If,  p.  286,  n,  3771 ,  and  fol. 
Heavy  Bodies  don’t  always  tends  towards  the 
Center  of  the  Earth,  II,  p.  366,  n.  4325. 
Height  from  which  a  Body  falling  acquires 
a  Velocity,  with  which,  if  it  be  moved  in 
a  Fluid,  the  Refiftance  from  the  fecond 
Caufe,  will  be  equal  to  the  Weight  of  it, 
how  difcovered,  I,  p.  448.  n.  1490,  and  fol. 

■ - -  of  the  Pole,  II,  p.  307,  n.  3947. 

- -  is  equal  to  theLatitude,  p.  307,  ».3947. 

— —  by  what  Line  determined,  p.  366, 
n.  4326.  , 

-  of  the  Stars,  p.  305,  n.  3921. 

Height  to  which  a  Body  mull  be  raifed,  that 
it  may  raife  greater  Weights,  by  ftriking 
again!!  the  Scale  of  a  Balance,  I,  p.  248, 
n.  1073,  and  fol* 

Helioftate,  by  which  the  Sun’s  Rays  are  fixt, 
II,  p.  107,  n.  2660,  and  fol. 

Hero's  Fountain.  See  Fountain. 
Heterogeneous  Body.  See  Body. 

Holes  through  which  Water  fpouts,  what 
Sort  they  ought  to  be,  I,p.  381,  n.  1596, 
and  fol.  p .  382,  n.  1606,  and  fol. 
Homogeneous  Body.  See  Body. 

Hook  demonftrated  that  the  Denfity  of  Cop¬ 
per  was  encreafed  by  the  Mixture  of  Fire, 
I,  f.  375,  n.  1573. 

Horizon ,  II,  p.  303,  71.  3907. 

-  oblique,  p.  307,  n.  394 6. 

- -  parallel,  p.  307,  n.  394?. 

•  -  right,  p.  308,  n.  3960. 

•  -  Hugens  determined  the  Aperture  and 

Eye-glafs  of  a  Telefcope,  II,  p.  198,  n. 
3228,  p.  231,  n.  3423. 

Humor  aqueous,  II,  p.  174,  n.  3067. 

•  -  cryftalline,  p.  174,  n .  3065. 

-  vitreous,  p.  174,  n.  3067. 

Humor  cryftalline,  Pofition  and  Figure  of  it 
changes,  p.  1 77,  n.  3094,  and  fol. 
Hydraulic  Machine,  when  it  produces  the 


greateft  Effed,  I,  p.  429,  n.  1858,  and  fol.. 

Hydraulic  Machines  that  drive  out  Water  by 
Fits  are  imperfeft, p.  427,  «.1836,  and  fol. 

-  fome  worked  by  Air,  p.  428,  n.  1844, 

and  fol. 

- — -  fome  by  Animals  and  Men,  p.  429. 
n.  1853,  and  fol. 

■ — ■  fome  by  Water/;.  428,  n.  1 847,  and  fol. 

-  fome  by  Fire,  p.  427,  n.  1.843. 

Hydraulic  Machines  for  railing  Water,  their 
Scope,  /;.  423,  n.  1 81  1. 

Hydraulic  Machines  what  Adtions  applied  to 
them,  p.  427,  n.  1842. 

Hydrojlatical  Comparifon  of  Solids.  See 
Solids. 

I. 


Impenetrability  See  Solidity. 

Impetus  of  a  Fluid.  See  Fluid. 

ImpreJJion ,  what  required  to  change  Motion, 
theDiredlion  remaining,  I,  p.  271,».  1 147. 

Inch  cylindrick  of  Water,  the  Weight  of  it, 
I,  p.  449,  n.  1944. 

Incidence ,  Angle  of.  See  Angle. 

Inconveniences  happening  in  the  Examination 
of  the  Sun’s  Rays,  11,  p.  10 7,  ».  2654. 

Index  of  the  Axis  in  Peritrochio,  I,  p.  112, 
n.  499,  p.  1 1 7,  71.  526,  and  fol. 

—  of  a  Machine,  p.  112,  ».499. 

• -  of  the  Pulley,  p.  112,  n.  502 ,  p.  118, 

n.  529,  and  fol. 

-  of  the  Lever,  p.  1 17,  ».522,  and  fol. 

Indices  of  Machines,  how  difcovered,  p.  116, 
n.  521,  and  fol. 

Inertia  of  a  Body,  I,  p.  4,  n.  19. 

—  and  Force  differ  relatively,  p .  1 66,  n. 
691. 

Inertia ,  Body  refills  by  its.  See  Body. 

Infinite ,  I,  p  8,  n.  45. 

Infi7iite  is  contained  in  a  Finite,  l,p.  8,  n.  45. 

-  we  have  no  Idea  of  one,  p.  9,  #.  46. 

Infinites ,  all  are  not  equal,  p.  1 1,  n.  53. 

—  Claffes  of  them,  p.  1 1,  n.  54,  and  fol. 

—  diftant  from  one  another  by  an  infinite 
Series  of  intermediate  Gaffes,  p.  1 3,  n ,  60, 
and  fol. 

InfltBion  of  Light.  See  Light. 

Infieflions  of  elaftick  Bodies  in  what  Times 
performed,  I,  p.  337,  n.  1397,  and  fol. 

Intenfity  of  an  Adlion  required,  that  an  Hy¬ 
draulic  Machine  may  produce  its  greateft 
Effett,  I,  p.  429,  n.  1856,  and  fol.  p . 
429,  n.  1 875,  and  fol. 

. of  a  Power.  See  Povoer . 

—  — —  of  Sound.  See  Sound. 

Introceftion  of  the  external  Plate  of  an  ela¬ 
ftick  Body  that  is  ftruck,  of  what  Kind, 

F*  333>  n •  1 373* 
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hitrocejjion  of  Parts  is  the  fame,  'if  the  Velo- 
city  is  the  fame,  /?.  221,  *.  949,  and  fol. 

IntroceJJions  of  Parts  in  elaftick  Spheres,  of 
what  Kind,  p.  334,  1375,  andfol. 

are  equal  in  the  Concourfe  of  three 
foft  Bodies,  tho’  the  Actions  are  unequal, 
p.  286,  n.  1 190,  and  fol. 

Inundation ,  how  it  happens  I,  p.  407,  n.  7122. 

IJland  how  produced  in  a  River,  I,  ».406. 
n.  1719,  and  fol. 

Judgment  of  Diftances.  See  Vfion, . 

-  of  Magnitude.  See  Vifion. 

Ivory,  Ball  of,  the  Spot  it  makes  by  falling 
on  Marble,  I,  p.  265,  n.  1132. 

Jupiter ,  II,  p.  282,  n.  3731. 

- ■  appears  always  round,  p.  294,  n.  3820. 

—  gravitates  towards  Saturn,  p.  321,  n. 
4062 ,/?.  343,  n.  4190. 

—  His  ACtion  upon  Mars,  p.  14  r,  n. 
4197,  and  fol. 

— -  EffeCt  of  his  ACtion  upon  the  Sun,  p. 
343,  n.  4192. 

1 -  Axis  of  him  fhorter  than  the  Diame- 

ter,p.  365,  n.  4313. 

— "  1  Motion  and  Diftance  of  his  Satellites, 
p.  283,  n.  3741. 

—  ■■  Diftance  and  Periodical  time  of  the 
fourth  Satellite,  p.  338,  n.  4159. 


L. 

•  *  •  *4  '  j  *  t 

Lanis  (de)  his  Experiment  concerning  fall¬ 
ing  Bodies,  I,  p.  247.  n.  1071. 
Lantern-m&giok,  II,  p.  23 1,  n.  3424,  and  fol. 

■ -  Defcription  of  it,  p.  231,  n.  3425, 

and  fol. 

- - Perfection  of  it,/?.  233,».  3435,  and  fol. 

-  Ufe  of  it,  p.  233,  n.  3434,  F .  2935. 

».  3440,  and  fol. 

Latitude  of  a  heavenly  Body,  II,  p.  289.  n. 
3789- 

- —  of  a  Place,  p.  306,  ».  3937. 

—  ■  of  a  Wave.  See  Wave. 

< -  Circles  of,  p.  30 6,  3938. 

Lavjs  of  Elafticity.  See  Elajiicity. 

— ■  ■  according  to  which  a  Pendulum  moves, 

that  vibrates  in  a  Cycloid,  I,  p.  326.  n . 

*335- 

■  of  Nature,  /?.  3,  «.  9,  and  fol. 

— —  what  in  themfelves,  p.  2,  «.  6. 

— ■  and  with  RefpeCt  to  us,  p.  2,  n.  7. 

- - -  whence  they  arife,  p.  2,  n.  8. 

—  ■  ■  how  inv^ftigated,  ibid. 

— —  for  explaining  what  relates  to  Motion, 
p.  78,  n.  355,  p.  78,  n.  357,  p.  80,  n. 
361,  II,  p.  319,  n.  4047. 

—  Lengthening  of  a  Fibre,  how  difeo- 
vered,  I,  p.  320,  n.  1307. 

I 


—  -  follows  the  Proportion  of  the  length¬ 
ening  Force,  p.  321,  n.  1308,  and  fol. 

*  - -  of  a  Plate  is  in  the  Ratio  of  the  Force 

that  lengthens  it,  p.  324,  n.  1  323,  and  fol. 
Lengthenings  in  Chords  of  different  Length, 
from  the  adding  of  equal  Weights,  of 
what  Kind,  p.  323,  n.  1318. 

-  of  Fibres  of  the  fame  Kind,  of  what 

Sort,  p.  323,  n.  1319. 

Lenfe,  well  centered,  II,  p.  165,  n .  3004. 

-  ObjeCt,  p.  1 9 1,  n .  3185. 

- -  Bye ,  ibid. 

*  -  of  Glafs,  /?.  164,  n.  3C00. 

— —  Axis  of  it.  See  Axis. 

— —  if  the  Eye  or  Objeft  be  applied  to 
it,  the  Picture  is  the  fame,  /?.  1 86,  n.  %  \  .17 
and  fol.  * 


*  -  AffeCtions  of  concave  ones,  p.  165, 

3008,  p.  166,  n.  3019,  and  fol. 

*— ■  ■  AffeCtions  of  convex  ones,  p.  165,  n. 
3007,  and  fol. 

- AfFeCtionsofpoIyhedrousones,/?.  187, 

n.  3156. 

Lever,  I,  p.  45,  n.  232,  and  fol. 

*  -  for  raffing  Weights,  p  47,  n.  240. 

-  compound,  p.  61,  n.  293. 

-  oblique,  p.  46,  n.  238,  and  fol. 

- -  of  the  firft  Kind,  p.  45,  n.  234, 

—  ■—  of  the  fecond  Kind,  ibid. 

- of  the  third  Kind,  p.  45,  n.  234. 

-  Index  of  it.  See  Index. 

-  molt  perfeCt  Ufe  of  it,  p.  61,  n.  49  -y 

and  fol. 

— — ■  the  whole  Actions  of  different  Kinds  of 
Levers,  how  compared,  p.  1 14,  n.  5  10. 
Ligaments  ciliary,  II,  p.  174,  n.  3066. 

Light  and  Heat ,  whether  ever  feparated  un¬ 
certain,  II,  p.  6 5,  n.  2416,  and  fol. 

*  -  to  be  attributed  to  the  fame  Caufe,  p. 

63,  n.  2395;. 

— —  differently  affeCted  by  the  Particles  of 
different  Bodies,  p.  137,  n.  2833. 

-■■■-  emitted  from  Bodies  in  right  Lines, /?. 
65,  n.  2411,  ibid.  n.  2414. 

■ -  why  intercepted  by  Bodies,  p.  237.  n% 

3447,  and  fol.  p.  239,  n.  3460. 

-  reflected  where  ic  can  pafs  freely,  p. 

201,  ?2.  3246,  and  fol. 

- -  may  be  refraCted,  though  the  Medi¬ 
ums  don’t  differ  in  Denflty,  p.  138,  n. 
2842,  and  fol. 

— —  fometimes  not  refraCted,  though  the 
Mediums  differ  in  Denflty,/?.  138,  n.  2844. 
and  fol. 

■  often  refraCted  towards  the  perpendi¬ 
cular,  when  ic  enters  a  rarer  Medium,  p . 
138,  n.  2847,  an^  fol. 

Light  9 
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Light  with  refpeCt  to  Bodies,  what,  p.  65, 
n.  242 1 . 

- -  and  with  refpeCt  to  us,  what,  p.  65,  a. 

2412. 

-  of  the  Sun  reflected  by  the  Moon, 

how  much  it  is  weakened,  p .  C 6,  n.  2424. 

- of  the  Sun,  in  what  Time  it  comes  to 

us  from  the  Sun,  p.  103,  a.  2638 ,  p.  ic6, 
a.  2655. 

-  paffing  through  a  Hole  keeps  its  Di¬ 
rection,  p.  98,  a.  2610. 

-  paffing  through  various  Mediums  ter¬ 
minated  by  parallel  Plans,  what  Direc¬ 
tions  it  hath,  p.  140,  n.  2855. 

. - pafles  through  feveral  opaque  Bodies, 

v.  236,  11  3443,  and  fob 
— - —  the  Motion  of  it  is  equable,  whilit  it 
comes  to  the  Atmofphere,  p.  106,  n.  2656. 
-  the  Motion  of  it  through  a  more  re¬ 
fracting  Medium,  p.  164,«.  2998,  andfol. 

—  - the  Acceleration  of  its  Motion  from 

Attraction,  p.  133,  a.  2818,  andfol. 

Propagation  of  it  not  made  by  Preffure, 
p.  98,  a.  2618,  and  fol. 

--  ■  Propagation  of  it  is  inltantaneous,  p . 
99,  a.  2620,  and  fol. 

-  Ray  of,  p.  98,  a.  2611. 

% —  ■  fometimes  recedes  from  the  perpendi¬ 
cular,  p.  1297».  2788,  p.  130,  a.  2799. 

- moves  in  the  fame  Lines,  from  what 

Part  foever  it  proceeds,  p.  129,  a.  2789, 
p.  1  30,  a.  2799. 

- -  falling  perpendicularly  upon  a  Me¬ 
dium,  is  not  turned  out  of  its  right  way, 
p 129,  a.  2793,  and  fol. 

-  Direction  of  a  Ray  paffing  through  a 

Medium,  fometimes  is  not  altered,  p.  1 29, 
n.  2792,  p.  130,  a.  2799. 

—  t  -  Rays  are  attracted  by  Bodies,  p.  116, 
a.  2722  ,p.  1 1 8,  a.  2734,  andfol .  p.  127, 
a.  2780. 

- - Rays  are  repelled  by  Bodies,  p .  116, 

a.  2726,  p.  1 19,  a.  2740,  and  fol. 

«■■■■  Inflection  of  the  Rays,  whence  ari* 
fing,  p.  1 16.  a.  2723,  andfol. 

—  —  Reflection  of  the  Rays  of  Light.  See 
Ref e  SI  ion. 

—  their  RefraCtion.  See  Ref  ration, 

• - -  the  V elocity  of  Light  determined  from 

Obfervations  made  on  Jupiter’s  Satellites, 
p.  99,  a.  2622,  and  fol. 

—  -  and  from  Obfervations  made  on  the 

fixed  Stars,  p.  103,  a.  2639,  an<^ 

- -  Velocities  of,  in  Air  and  Water,  p . 

132,  n  2811,  p.  142,  n.  2863. 

«■ — -  the  Velocities  of,  in  two  given  Me¬ 
diums,  bear  a  conflant  Ratio  to  one  ano¬ 
ther,  p.  1 3 1,  a.  2808. 


-  the  Way  of  it  through  the  Air,  how 

it  becomes  fenfible,  p.  131,  a.  2801. 
Lightning ,  Caufe  of,  II,  p.  89,  n.  2566. 
Line  of  fwifteft  Defcent,  I,  p.  97,  n.  453. 
p.  109,  n.  487,  p.  109,  a.  489. 

- how  determined,  ^.107,  n.  483,  and  fol. 

Line  of  Cavity,  p.  208,  n .  871. 

-  of  Figure,  ibid.  n.  870. 

-  of  Time,  p.  209,  n.  875. 

- -  of  Velocity,  p.  208,  a.  874. 

Lines  Cauftick.  See  Caufick. 

Liquid  coloured  fometimes  appears  of  a  dif¬ 
ferent  Colour,  II,  p.  276,  n.  3681. 
Loadfone  attracts  Iron,  and  is  equally  attract¬ 
ed  by  it,  I,  p.  81,  n.  366. 

Logarithmick  Line,  Formation  of  it,  I,  p. 
460,  n.  1992. 

-  Properties  of  it,  p.  460,  n.  1993. 

Logarithm  of  the  Ordinate,  l,p.  460,  n.  1994. 

—  -■  of  the  Ratio,  ibid.  n.  1995. 

Longitude  of  a  heavenly  Body,  II,  p.  289, 

a.  3788, 

—  of  a  Place,  p.  307,  n .  3941. 

Lucid  Body,  its  Surface,  II,  p.  98,  n.  2613. 
Lucid  Bodies,  p.  65,  a.  2411. 

Lunation  II,  p.  295,  a.  3834. 

M. 

• 

Machine, whereby  theAfcent  of  Bodies  is  com¬ 
pared  with  their  Defcent,  l,p.  86,  a.  395, 

- -  for  comparing  together  the  Dilatations 

of  Air  and  the  compreffing  Forces,  II, 
p.  5,  a.  2102,  andfol. 

— —  by  which  Experiments  are  made  in 
comprefled  Air,  pt  28,  a.  2216,  and  fol. 
— ■  -  for  making  Experiments  on  the  at¬ 
traction  and  Repulfion  of  Light,  p.  1 1 7, 
n.  8,  and  fol. 

—  for  making  Experiments  on  oblique 
and  compound  Colliflon,  p.  277,  a.  1168. 

— -  ■  for  comparing  the  Velocities  of  falling 
Bodies,  I.  p.  88,  a.  402. 

—  of  Ufe  to  demonftrate  the  AffeCtions 
of  the  Wedge,  p.  56,  a.  279. 

—  another  of  this  Kind  examined,  p.  60. 
a,  289. 

— —  for  comparing  the  Denfities  of  folid 
Bodies,  p.  372,  a.  1559,  and  fol. 

—  •  -  for  comparing  the  Defcent  in  a  Cy¬ 
cloid  with  the  Defcent  in  a  right  Line,  p. 
97,  a.  454. 

A  Machine  whereby  a  Spring  bent  betwixt 
fufpended  Bodies  is  let  loofe,  p.  255,  a. 
1 090,  and  fol. 

- -  for  exploring  the  Laws  of  Elafticity, 

p.  318,  a.  1297,  and  fol. 

- - for  comparing  the  Denfities  of  Fluids, 

p.  368,  a.  1546,  and  fol.  p.  370,  a.  1554» 
and  fol.  '  Machine , 
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Machine ,  for  deiftonftrating  the  Experiments, 
concerning  the  lateral  Preffure  of  Fluids 
in  Motion,  p.  419,  n.  1787,  and  fol. 

■  for  making  Experiments  on  fpouting 
Fluids,  p.  378,  n.  1584. 

-  for  making  Experiments  upon  Fluids 

fpouting  obliquely,  p.  384,  n.  1614. 
-  for  making  Experiments  upon  the  Re¬ 
finances  of  Fluids,  p.  43 8,n.  1897,  andfol. 
for  demonllrating  the  lateral  PrelTure 


of  Fluids,  p.  349,  n.  1446. 

— -  for  turning  fvviftly  about  Glafs  Globes, 
p.  73,  n.  2459,  andfol. 

—  for  trying  Money,  p.  373,  n.  1567, 
and  fol. 

—  in  which  a  Pendulum  is  moved  by  a 
Spring,  p.  172,  n.  732,  and  fol. 

—  for  making  Experiments  on  the  Retar¬ 
dation  of  Pendulums,  p.  448,  n.  1990. 

—  for  exhibiting  the  «Affections  of  the 
inclined  Plane,  p.  74,  n.  342,  and  fol. 

—  pneumatick,  p.  14,  n.  2139,  and  fol. 

—  fimple,  II,  p.  17,  n .  2158,  and  fol. 

in  which  a  Weight  is  fuitained  by 
oblique  Powers,  I,  p.  72,  n.  333. 

-  for  making  Experiments  on  the  Pref- 

fure  of  Fluids,  p.  344,  n.  1433,  and  fol. 
for  projecting  of  Bodies,  p  123,  n.  343. 
in  which  a  Point  is  drawn  different 
Ways  by  Threads,  p.  70,  n.  330. 

— -  for  fixing  the  Sun’s  Rays.  See  Helioftate. 

-  fimple,  p.  51,  n.  253 ,p.  52 ,n.  2^8,  p. 

55,  n .  2 72,  p.  58.  n.  281,  and  fol. 

— -  A  Machine  for  making  Experiments 
on  Sound,  II,  p.  49,  n.  2320,  and  fol. 

— —  for  demonhrating  the  Experiments 
concerning  the  Lever,  by  which  Weights 
are  moved,  I,  p.  47,  n.  243. 

— .  for  demonitrating  the  Experiments 
concerning  central  Forces  p.  129,  n .  567, 
and  fol. 

—  to  be  added  to  this  lalt,  to  compare 
central  Forces  together,  p .  137,  n.  594. 
and  fol. 

—  for  comparing  the  Force$  of  Bodies 
falling  direCtly,  p.  197,  n.  833. 

for  making  Experiments  on  innate 


»■— *  Index  of  a  Machine.  See  Index. 
Machine  molt  perfeCl  Ufe  of,  p.  no,  n.  493. 
Machines  compound,  p.  60,  n.  290,  p.  61 ,  n. 
293,  p  61,  n.  294,  and  fol .  p.  63,  n.  300, 
and  fol. 

• -  fimple,  p.  45,  n.  202. 

- -  Hydraulic .  See  Hydraulic. 

- -  of  Ufe  in  many  Experiments,  p.  33,  n. 

158,  and  fol. 

for  demonitrating  Experiments  con¬ 


cerning  the  RefraCtion  of  Light,  II,  p. 
122,  n.  2753,  and  fol. 

—  by  which  the  Velocities  communicated 
by  Springs  letloofe,  are  examined,  I, ^.3 28, 
n.  1346,  and  fol.  p.  329,  n.  1 354,  and  fol. 

-  Intention  of  Hydraulic.  See  Hydraulic. 

— ■  Indices.  See  Indices. 

Ufe  of,  p.  no,  n.  490,  and  fol. 


Magnitude  apparent  of  an  ObjeCt,  upon 
what  it  depends j  II,  p.  181,  u.  3117. 

-  is  increafed  by  the  Interpolition  of  a 

plane  Mirror,  p.  183,  n.  3128. 

- -  feen  through  a  Glafs  is  altered,  p.  1 84, 

n.  3133,  p.  185,  n.  3143 ,  A  1  86,  n.  3148, 
p.  187,  n.  3157,  and  fol.  4 

- .  in  the  Newtonian  catoptrick  T elefcope, 

p.  220,  u.  3354. 

• -  in  the  Gregorian,  p.  222,  n .  3373,  and 

fol.  p.  228,  n.  3406,  and  fol. 

Mairan,  (de)  meafured  the  Length  of  a  Pen¬ 
dulum,  that  performed  its  Vibrations  at 
Paris ,  in  a  Second,  II,  p.  3 66,  n.  4334, 
p.  393,  n.  4416. 

Maraldi  oppofes  the  Opinion  of  Rower,  IT, 
p.  iot,  n.  2633. . 

Mariotte  determined  the  Velocity  of  Wind, 

II»  p  53»  n'  ^34^/ 

-  made  an  Experiment  upon  Water  run- 

nung  out  of  a  given  Hole^  I,  p.  398,  n. 
1664. 

— ~ ■ —  mentions  an  Experiment  concerning 
the  Dilatation  of  an  elaliick  Fluid,  II, 
p.  12,  72.  2133. 

not  cautious  enough  in  his  Experi- 


Forces,  and  the  Collifion  of  Bodies,  p.  179, 
n.  760,  and  fol. 

for  making  Experiments  on  oblique 


Forces,  p.  49,  n.  250,  and  fol. 

- —  for  letting  down  two  Bodies  in  Vacuo 
at  the  fame  Time,  II.  p.  34,  n.  2241, 
and  fol. 

for  turning  Bodies  about  fwiftly  in 


Vacuo,  p.  77,  n.  2476,  and  fol,  p.  78, 
n.  2483,  and  fol. 


ment  concerning  the  Colours  of  Rays,  p. 
251,  n.  31:32. 

-  demonftrates  a  mechanical  Paradox,  I, 

p.  76,  n.  351. 

Mars ,  II,  p.  2 82,  n.  3730. 

-  fometimes  appears  gibbous,  p.  294,  n. 

3821. 

Mafs,  what,  I,  p.  177,  n.  748. 

Majjfes  of  Bodies,  about  the  common  Cen¬ 
ter  of  Gravity,  if  they  be  multiplied  by 
the  Velocities,  the  Sum  of  the  Produ&s 
on  both  Sides  is  fometimes  equal,  p.  299. 
n.  1226,  and  fol. 


Matter 
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Matter  of  the  Heavens  very  fubtile,  IT,  p. 
333»  *•  413i* 

— —  does  not  move  the  heavenly  Bodies, 
p.  332,  ».4131,  and  fol. 

-  remaining  in  a  Receiver  exhaufted  of 

the  Air,  though  ’tis  dilated,  yet  keeps  its 
Elafticity,  p.  24,  n.  2192,  and  fol. 

- — -  the  Quantiy  of,  equal  to  a  Grain  of 
Sand,  may  be  diffufed  through  any  Space, 
I,  p .  7 ,  n.  37. 

- -  Divifibility  of.  See  Divijibility. 

Maupertuis,  ( de )  has  defcribed  the  Mea- 
fures  made  of  the  Earth's  Figure,  II.  p. 

393»  n‘  44 1  5- 

Meafure  of  Forces  from  their  Generation, 

1,  p.  170,  n.  721,  and  fol. 

Medium ,  II,  p.  127,  n.  2 776. 

Menifcus ,  II,  p.  164,  w.  3001. 

Mercury  contains  Fire,  II,  p.  79,  n.  2489. 

_ joins  itfelf  to  Gold  andTin,!,/?.  1 9,«.  86. 

. -  ihines  in  Vacuo,  II,  p.  80,  n.  2491. 

and  fol. 

-  repells  Iron,  I,  p.  20,  n.  87,  and  fol. 

Mercury  is  repelled  by  Glafs,  I,/.  20,  n.  90. 

. .  how  cleanfed,  II,  p.  81,  n.  2495. 

—  —  Pillar  of  it  iuftained  by  the  Air,  p. 

2,  It.  2083, 

► -  Denfity  of  it,  I,  p.  373,  1563. 

Mercury  the  Planet,  II,  p.  281,  n.  3727. 
Meridian  Line,  II,  p.  304,  n.  3914,  p .  306, 
n.  3936. 

Meridian  of  a  Place,  IT,  p.  3 06,  n,  3934* 

-  firft,  p.  306,  n.  3940. 

Meridians ,  300,  «.  3881. 

Merfennus  has  given  an  Experiment  concern¬ 
ing  falling  Bodies,  I,  p.  247,  n.  1071. 
Metals ,  if  two  are  mixed,  to  determine  how 
much  of  both  the  Mixture  contains,  I, 
p.  374,  n .  1570,  and  fol. 

Meteors  fiery,  the  Caufe  of  them,  II,  p.  89. 
n.  2566. 

Microfcope ,  II,  /?.  189,  #.  3 1 7 3 * 

- - -  magnifies  fmall  Obje&s,  p.  189,  n. 

3174,  and  3176. 

— —  compound  magnifies  more,  p.  190,  n. 
3180,  and  fol. 

— - —  Aperture  of  it,  p.  191,  n.  318 6. 

< - Field  of  it,  p.  (90,  n.  3173. 

— —  upon  what  it  depends,  p.  192,  ».3188. 
Minutes,  II,  p .  310,  n.  3970. 

Mirrors  burning,  II,  p.  210,  n.  3300,  p. 

21 1,  n.  3304,  and  fol. 

— — •  conical,  convex,  p.  216,  n.  3336. 

- -  cylindrical,  convex  and  concave,  ibid. 

* -  plane,  p.  205,  n.  3263,  and  fol. 

— —  fpherical,  concave,  p.  206,  n.  3269. 

- - how  they  difperfe  the  Rays,  p.  225. 

n.  3374,  and  fol. 


- where  and  what  Sort  of  an  Appearance 

of  Objedls  they  exhibit,  p.  215,  n.  332c, 
and  fol. 

— —  never  reprefent  Obje&s  exa£tly,  p. 
2 1 6,  n.  3 3 34* 

- -  how  they  reflett  parallel,  direft,  and 

neighbouring  Rays, p.  209,«.  3  2 96, and  fol. 

- -  how  they  refled  oblique  Rays,  p.  1 1 1, 

n.  3307,  and  fol. 

— —  fpherical,  convex,  />.  206,  n .  '3269. 
and  fol. 

—  -  according  to  what  Laws  they  refled 
Rays,  p.  206,  n.  3270,  and  fol. 

■ —  Objeds  feen  in  them,  where  and  how 
they  appear,  p.  206,  n.  3275,  and  fol.  p. 
208,  n.  3288,  and  fol. 

Burning  Mirrors ,  their  Diameter  determined, 
p.  210,  n.  3301,  p.  217,  3337,  and  fol. 

■  -  Phaenomena  of  plane  ones,  p.  205,  n. 

3263,  and  fol. 

Molineux  endeavoured  to  determine  the  Mo¬ 
tion  of  Light,  p.  103,  n.  2639. 

Moon ,  IT,  p .  350,  «.  4219,  and  fol. 

- -  compared  with  the  Earth,  p.  284,  ». 

375 1  *.  „  t 

-■  ■  with  what  Force  removed  out  of  the 

Plane  of  its  Orbit,  p.  360,  n.  4278,  and  fol. 

—  »  is  retained  in  its  Orbit, p.  323,  «.  4076. 

■ .  the  Way  it  runs  through  in  a  Minute, 

p.  323,  «.  4077. 

— ■  ■  Why  it  always  turns  the  fame  Face 

towards  the  Earth,  p.  302.  n.  3899,  and 
fol,  p.  388,  n.  4518. 

- - appears  greater  near  the  Horizon,  p . 

81,  n.  3119. 

— — •  by  what  Forces  diftnrbed,  p.  351,  n. 
4224,  p.  352,  n.  4230,  p.  361,  n.  4245, 
and  fol,  p.  363,  n.  4302,  and  fol. 

-  difturbs  the  Motion  of  the  Earth,  p. 

348,  n.  4212. 

-  Appearances  of,  p.  295,  n.  3831,  and 

fol. 

—  ..  Axis  of,  inclined  to  the  Plane  of  its 
Orbit,  p.  303,  «.  3904,  p.  389,  n.  4522, 

—  its  Denfity  determined,  p .  386,  n. 
4503,  and  fol. 

- -  Proportion  of  its  Denfity  to  that  of 

the  Sun,  p.  386,  n.  4306. 

—  -  and  to  that  of  the  Earth,  p.  387,  n. 

—  4508. 

-  its  Difiance,  p.  338,  «.  4161,  p.  340, 

»•  41 73»  P'  364»  »•  43°S- 

■  -  its  Difiance  not  always  the  fame,  p. 

356,  «•  4254* 

-  its  periodical  Time,  if  it  be  moved 

about  the  Earth  at  reft,  p.  338,  n.  4156, 
and  fol.  p,  340,  n.  4177,  andfoL 


Moon, 
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Moon,  Eclipfe  of,  /.  296,  n.  3844. 

•  when  an  Eclipfe  happens,  /.  296,  x, 
3846,  and  fol. 

• -  central  Eclipfe,  /.  297,  ».3853. 

■  partial,  ibid,  n.  3831. 

mmmmm  tOtal,  ibid,  3852. 

-  Figure  of,  determined,/».  387,  «.4311, 

and  fol. 

■ -  Gravity  of  towards  the  Earth  altered 

by  the  Action  of  the  Sun,  p.  323,  n.  4077, 
p.  339,  n .  4162. 

—its  Gravity  not  always  the  fam e,/.  350, 
».  4219,  and  fol.  p.  364,  n.  4304. 

— —  when  there  will  be  an  ^Equilibrium  be¬ 
tween  the  Parts  of  the  Moon,  p.  388,  n. 
45 1 8. 

—  Motion  of,  p.  369,  n.  3740,  and  fol. 

— — •  Motionof  the  Apfides,/.  35 8,».  4263, 
and  fol. 

— —  about  its  Axis  is  equable,  p.  380,  n 
4521 


!e,SnMOti°n  "  Pef'  '*?>  «*649,  and  fol* 


formed,  /?.  388,  4519. 

-  libratory  Motion  of,  p.  303,  ».  3902, 

and  fol. 

-—Motion  of  the  Nodes,/.  361,  n.  4289, 
and  fol.  7 

~  ■■■  Effcdl  of  its  Motion  about  its  Axis  p, 

302,  3899,  and  folp.  388,  ».  4518/ 

- -  phyfical  Explanation  of  this  Motion, 

P •  348»  n-  42io»  and  fol. 

Convexity  of  its  Orbit  not  always  the 
fame,  p.  389,  n.  4252,  and  fol. 

—  Change  of  the  Inclination  of  its  Orbit, 
jr-  362,  w.4293,  and  fol. 

— periodical  Time  of,  p .  364,  ».  4305. 
Morning.  See  Twilight.  P 

Motion ,  I,  p.  z6 ,  ».  hi. 


- *  of  a  Body  may  be  refolved  into  two 

others  federal  Ways,  /?  273,  *,  n5r. 

— •  of  a  Body  defeending  upon  a  Plane, 

84,  «.  382,  and  fol. 

—  of  Bodies  revolving  round  a  common 
Center  of  Gravity,/?.  347,  *.  4208, and  fol. 

of  non-elaftick  Bodies  •  after  oblique 
Percufiiom  p.  280,  n.  1174.  and  fol. 

—  of  Bodies  ftriking  againli  one  another 
obliquely,  how  deferibed, p.  276,  n.  1 164 
and  fol.  p.  278,  n.  1 169,  and  foL 

-  diurnal,  p.  300,  »..3878. 

— —  the  diurnal  Motion  not  obferved  in  the 
Poles  of  the  World,  p.  301,  n.  388c. 

—  it  ought  to  be  referred  to  the  Rota¬ 
tion  of  the  Earth  above  its  Axis,  p .  336, 

».  4*48’ 

—  double  of  it,  I,  p.  26,  n.  1 1 5. 

—  in  antecedentia,  or  retrograde,  p.  280 
»  3  7*6. 

-  in  confequentia,  ordiretf ,  ibid,  n.^mz 

in  o  Pi *«/>1  ^  r  —  _  ^  ^  V 


in  a  Curve,  how  made, p.  1 28,  rro’ 
and  fol.  7J7 

-  in  a  Cycloid,  /?.  102,  ».  467,  and  fol. 

- -  m  an  Ellipfe,  p.  154,  «.  656,  and  fol. 

- -  in  an  agitated  Ellipfe,  p.  160,  n.  668, 

and  fol. 

- in  an  agitated  Orbit,  p.  157.  *.  660, 

and  fol. 

—  of  a  Pendulum.  See  Pendulum. 

— «  from  Proje&ion,  made  up  of  two  Mo¬ 
tions,  p.  122,  n.  541. 

—  and  reft,  differ  relatively,/?.  167,».  695. 

—  retarded,  p.  82,  *.  369. 

—  tremulous  in  Machines,  how  to  be 
avoided,  p.  233,  n.  ic 07.  and  fol. 

of  a  Wave.  See  Wave, 


\r V  •  r  r  \  -r.  - ~  «Jr  a  wave.  ^>ee  wave, 

ablolute  of  feveral  Bodies,  is  not  Motion  abfolute  compared,  with  the  Mo- 
changed  m  Collmon,  p.  303,  n.  1241.  tionof  fmgle  Bodies,  v.  301,  n.  123c  and 

- aT\' lerated,  p.  377,  n.  368,  and  372,  fol.  p.  304,  n .  1249,  and  fol. 

and  fol.  - -  Continuation  of,  /?.  78,  ».  35c. 

-  is  acce  erated  equably,  p.  82,  ».  370.  - -  Direflion  of,/?.  37,  ».  122. 

of  a  falling  Body  is  accelerated,  ibid.  — —  Laws  of,  p.  78,  n.  355,  and  fol.  II  1? 

■ -  apparent,  II,/.  285,  ».  3765,/.  287,  319,  ».  4047. 

^ 77 5»  aud  fol.  ■ - .  Change  of, /?.  78,  357. 

— —  abfolute,  differs  from  Relative, /.  285,  Motions  two  don’t  difturb  one  another  I 
n.  3765.  /.  288,  */.  3778.  .  p.  78,  *.  358.  ’  # 

•—  of  the  Center  of  Gravity.  See  Cen-  — —  of  three  Bodies  after  the  Stroke  in  tri- 
ter  of  Gravity.  pie  Collifton,  p.  309,  «.  1 260,  and  fol. 

—  is  communicated  fucceftively,  I,  /.  1 69,  Mouths  of  Rivers.  See  Rivers. 

*•  710*  <  ^  Moveable  Body  is,  I,  p.  4,  «.  17. 

~  may  communicated  with  any  Force  Multiplication  mechanical,  1,  p.  44  n.  220 
loft,  /.  232,  n.  1003,  and  fol.  Mujical  Tone.  See  Tew. 

— >  compound,  p.  79,  360. 

—  is  examined,  p.  271,  n.  1 147,  and 

Nadir ,  II,  />•  304,  3913. 

P  SS  Nerve 
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Nerve  Optic,  II,  174,  ft.  3068. 

Newtons  Telefcopes.  See  Tele/copes  Ca¬ 
toptric. 

New  Moon ,  II,  p.  296,  ft.  3838. 

Nodes  of  the  Planets,  II.  p.  280.  n.  3709. 

-  Line  of  them,  p.  280,  n.  3710. 

Number  of  the  Center  about  which  a  Line  ' 
is  moved,  I;  p .  241,  n.  1044. 

O. 

Objetts  how  painted  on  a  white  Plane,  II, 
p.  lyz ,  n.  3058,  and  fol. 

Oblique  Rays.  See  Rays. 

Obftacle  is  moved  by  PreiTure,  I,  p.  28,  ft. 
127,  p.  167,  n.  698. 

—  and  that  according  to  certain  Laws,. 

p.  29,  n.  1  3  1,  and  fol. 

Odorous  Parts  the  great  Subtilty  of  them,  I, 
p.  8,  n.  43* 

Oily  Denfity  of  to  that  of  Borax,  II,  p,  138, 
n.  2846. 

-  Drop  of,  afcends  between  Glafs  Plates, 

I,  p.  19,  n.  85.  p.  25,  n.  no. 

Oily  Parts  in  Bodies,  II,  p.  87,  tti  2550. 
Opacity  depends  upon  the  Pores,  II,  p.  237, 

«•  3449-  . 

-  arifes  from  a  Reflexion  and  Deflexion  - 

of  Light,  p.  237,  n.  3447,  and  fol. 

Opaque  Body,  II,  p.  98,  a.  26,1*5.  - 

Opaque  Bodies,  how  they  become  tranfpa- 
rent,  p.  z^J,  ft.  3449,  and  fol. 

Oppofit  ion  of  Heavenly  Bodies,  II,  p.  290* 

3794.  ••  ■  ’ 

Orbits  of  Planets.  See  Planets. 

Orifices  the  greater  in  Hydraulic  Machines 

to  be  preferred  to  the  lefs,  I,  P-  426,  ft. 

1829. 

~~ —  in  Hydraulic  Machines,  how  deter¬ 
mined  in  certain  Cafes,  p.  426,  n.  1830,., 

•  and  fol. 

- -  Diameters  of  them  in  Hydraulic  Ma¬ 
chines,  what  Ratio  they  bear  to  the  Height 
of  the  Water  thrown  out,  p.  425,  n.  1826,. 
p.  432,  n.  1871,  and  fol. 

Of  dilation,  Center  of.  See  Center . 

p.  '  ;  ' 

;  *  '  ,  » 

Parabola ,  I ,  p.  123,  ft.  542 ,  p.  124,  #.J 45. 

. — —  Property  of  it,  p.  2,  n.  55. 

Parodox  Mechanical,  I,  p.  7 6}  n.  352,  and 
fol. 

-  demonftrated,  p.  77,  n.  354. 

*  - -  Explanation  of  one  that  is  deduced 

fftom  the  Property  of  Elaftick  Bodies,  p. 
270,  n.  1 146. 

Parallax  annual,  II,  p.  316,  ft.  4025. 

— —  of  the  Moon  only  determined,  by  Ob- 
fervations,  p.  305,  n  3924. 

— .*  ©f  the  Stars,  p.  305,  «.  3923,  and  fol. 


-  Part  immerfed  of  a  Body  floating  in  a 

Fluid,  I,  p.  361,  n.  151-1,  and  fob 

-  Parts  immerfed  of  Bodies  floating  in. 

Fluids,  their  Proportion  to  one  another, 
p.  362,  n.  15 1. 5. 

—  of  Bodies  defeending  into  a  Fluid  by 
various  Weights,  are  to  one  another  as  the 
Weights,  p.  362,  n.  1516,  and  fol. 

—  of  a  folid,  fwimming  in  Fluids  to  be 
compared,  are  inverfly  as  the  Denfities  of. 
the  Fluids,  p.  370,  n.  1553. 

—  what  are  feparated  in  the  Combuftioit 
of  Bodies,  II,  p.  87,  n.  2547,  and  fol. 

Pellucid  Body,  II,  p.  98,  n.  2614. 

Pellucid  Bodies  become  opaque  by  feparating , 
their  Parts,  p.  238,  n.  3454,  and  fol. 

—  >  all  the  fmall  Parts  of  Bodies  are  pel¬ 
lucid,  p.  236,  n.  3443,  and  fol. 

Pendulum ,  I,  p.  89,  ft.  404. 

- -  fometimes  has  no  Center  of  Percuflion, 

p.  243,  n.  1034,  and  fol. 

• -  defeends  fafter  in  an  Arc  than  in  the 

Chord  of  it,  p.  gz,  n.  417. 

-  how  moved  by  a  Spring,  p.  172.  ». 

732,  and  fol. 

-  maybe  confidered  as  a  Lever,  p.  252. 

n.  1078. 

- -  how  it  may  run  through  a  Cycloid,  p. 

91,  n.  410,  p.  100,  n.  460. 

-■  ■—  compound,  p.  93,  n.  424. 

— if  it  runs  againft  a  fixed  Obftacle;  it 
a£ts  differently,  p.  242,  «.1048,  andfbh- 
p.  242,  n.  1052,  and  fol. 

- Angle  of,  I,  p,  95,  ».  440. 

-  Force  of  a  Ample  one,  in  what  ratio, . 

p.  187,  n.  y 93. 

-  Force  of  a  compound  one  how  deter¬ 
mined,  p.  1  87,  n.  794,  and  fol. 

-  Computations  of  the  Motions  of, 

p.  189,  n.  801,  and  fol. 

-  Length  of,  /.97,  ».451.  '  ‘ 

- —  what  Sort  of  one  required,  to  have 
its  Revolutions  in  the  fame  Time,  in 
different  Places  of  the  Earth,  II,  p.  366, 
n.  4334,  and  fol. 

- -  Motion  of,  I,  p.  89.  n.  404,  and  fol. 

L — ;  Motion  of,  in  a  Fluid,  A*  45  6,  n.  1981, 
and  fol. 

-  Velocity  of,  p.  95,  n.  437. 

-  angular  Velocity  of,  ibid.  ».438. 

-  in  what  Ratio  it  is,  p.  96,  n .  446,  and 

fob  . 

—  Velocity  of  any  Point  of  it,  ibid,  n . 
448. 

-  Velocities  of,  in  unequal  Vibrations* 

p.  95,  n.  441. 

- -  that  are  very  fmall,  ibid,  ft.  442>  P> 

96,  n.  445.  Pendulum, > 
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Pendulum ,  the  fmall  Vibrations  are  made  in 
the  fame  Time,  /.  90,  n.  407. 

■' 1  V  ibrations  of  in  a  Circle,  compared 
with  the  Vibrations  in  the  Chords,  p  90, 
n.  406,  p.  92,  n.  416. 

—  no  Matter  of  what  Weight,  or  of 
what  Matter  made,  p.  .92,  n .  421. 

-  Squares  of  their  Angles,  /.  97,  n.  450. 

■■■  ’  1  Velocities  of  equal  ones,  when  the 
Angles  are  equal,  but  Gravities  different, 
p.  96,  n.  444. 

—  Velocities  of  different  ones,  when  the 
Angles  are  equal,  p.  95,  n.  443. 

—  " "  Durations  of  their  unequal  Vibrations, 
p.  92,  n.  418,  and  fol.  p.  96,  n.  449.  v 

-  Forces  of,  p.  187,  n.  792,  and  fol. 

■ -  Ufe  of  in  Clocks,  /.  94,  n.  429. 

Penumbra ,  II,  p.  298,  n .  3 863. 

Perceptions  anfwer  to  the  Motions  of  the 
Nerves,  and  how,  II,  p.  48,  n.  2310,  p. 
176,  n.  3077,  and  fol. 

PercuJJion  oblique  confidered,  I,  /.  276,  n. 
1 1 6 1 ,  and  fol. 

- -  of  equal  and  elaftick  Bodies,  what 

Change  they  produce  in  Motion,  p.  277, 
n.  1 167. 

—  Centers  of.  See  Center. 

Perihelion ,  p.  279,  n.  3702. 

Periodic  Time,  I,  /.  137,  77  592. 
Phenomena  natural,'  I,  p.  1,  n.  2. 

—  comprehend  alio  the  Motions  ia  the 
human  Body,  ibid,  n.  3. 

- -  explained  by  Phyficks,  p,  2,  n.  5. 

Phofphorus  of  Urine,  II,  /.  81.  77.  2498. 

• - fhines  in  Vacuo,/.  9 5.77.  2597,  and  fol. 

Phyficks  converfant  about  natural  'Things, 
I,  /.  1 . 

Pifiure  of  Objects  in  the  Eye  is  inverted,  II, 
p.  1 75,  7?.  3070,  and  fol./.  178,  n.  3101. 
Picture  of  Obje&s  fails  within  the  Eye,  /. 

W5»  n-  3°73* 

Pillar ,  ufed  in  the  Experiments,  I,  /7.  34, 
7/.  162,  and  fol. 

Pipes  through  which  Water  is  brought,  of 
what  Sort  they  fhould  be,  I,  p.  382,  n. 
1601,  and  fol. 

Placer ,  II,  /?.  277,  7/.  3683. 

Place  what,  I,  77.  26,  77.  112. 

— —  apparent  of  a  Body  in  the  Sphere  of 
the  fixed  Stars,  II,  p.  287,  n.  3774. 

—  relative,  I,  p.  26,  n.  114. 

— — —  true,  ibid,  n .  113. 

Planet,  Axis  of,  II,  /7.  280,  n.  3718. 

—  .  the  Axis  of  the  Planets  is  carried  with 

a  parallel  Motion,  ibid.  n.  3721. 

—  .  mean  Dillance  of  from  the  Sun,  p. 

279,  n.  3700. 


- 7-  Figure  of,  determined  from  Obferva- 

tions,  p.  3 74,  77.  4412. 

-  how  varied  from  its  Motion  about  its 

Axis,  according  to  its  different  Conftitu- 
tioii,  p.  373,  n,  4400,  and  fol. 

*  -  Poles  0 1,  /.  281,  7;.  3722. 

*  - \  Figure  of  a  fpherical  one  from  the 

fluid  Matter,  changes  by  the  Revolution 
about  the  Axis,/.  364,  n.  4311,  p.  338.- 
77.  4375,  and  fol. 

Planets ,  IT,  /.  278,  n.  3692. 

- -  are  higher  under  the  -Equator,  than 

under  the  Poles,  /,  364,  «.4311. 

*  - -  defcribe  elliptic  Lines  in  their  Motions, 

/.  278,  n.  3696. 

- - .  that  are  immoveable,/.  342,  n.  4184. 

*  -  gravitate  towards  the  Sun,  /.  320,  n. 

.4054* 

*  - -  revolve  about  their  Axes,/.  28,  n.  3  3 1  a, 

p.  300,  77.  3S75. 

- - -  revolve  about  the  common  Center  of 

Gravity  of  the  whole  Syltem,  /.  342,  n. 
4183. 

-  inferior,  /.  282,  n.  3733. 

—  fuperior,  ibid.  n.  3734. 

—  primary,  /.  278,  n.  3694. 

-  fecondary,  /.  278,  n.  3695,  /.  282, 

n.  3737,  and  fol. 

—  gravitate  towards  their  Primaries,  /. 
320,  77.4055. 

—  1  and  towards  the  Sun,  /.  320,  n.  4057. 

—  retrograde,  /.  290,  3801. 

— —  ftationary,  ibid.  n.  382. 

—  Effects  of  their  mutual  Actions,/.  345, 
77.  4199. 

-  Denfities  of,/.  337,  77.  4152,  and  fol. 

/.  339,  77.  4168/  and  fol. 

-  Difiance  of,  how  difcovered,  /.  282, 

»•  3733- 

-  Figures  of  determined,/.  364,77.4306, 

and  fol.  /.  388,  77.  4375»  a°d  f°h 

—  Appearances  of  the  inferior  ones,  /. 
290,  77.  3799,  an(I  f°h 

—  Phaenomena  depending  upon  their  O- 

pacity,  /.  292,  77.  3811,  and  fol. 

— —  Appearances  of  the  fuperior  ones,  p. 
293,  ».  3816,  and  fol. 

-  Motions  of,  /.  280, 77.  3711,  and  fol. 

-  Situation  of  their  Orbits  why  changed, 

/.  345,  77.  4199,  and  4202. 

-  Orbits  of  the  primary  how  difpofed, 

/.  278,  77.  3697,/.  279,  77.  3706. 

-  Appearances  of  the  fecondary,  p.  294, 

77.  3822,  and  fol. 

—  and  their  Motions,  p.  28 2,  77.  3739, 
/7.  346, 77.  4205,  ai*d  fol. 

Ggg  2 
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their  Weights,/?.  339,  w.4162,  andfol. 

-- -  Squares  of  their  periodic  Times,  p. 

283,  *.  3747 

Plane  in  an  Hydraulic  Machine,  with  what 
Velocity  it  ought  to  be  thruft  out,  to 
raife  the  greateft  Quantity  of  Water, 
I,  p.  431,  n.  1865,  and  fol,  p.  434,  n. 
1880,  and  fol. 

■ . .  inclined,  p.  7 3,  «.  328. 

—  Defcent  of  a  Body  upon  it,  ibid,  n. 
340,  and  fol.  p.  74,  n.  344.  and  fol. 

— —  Defcent  of  heavy  Bodies  upon  it,  p. 
84,  n.  381,  and  fol. 

- - Height  of  an  inclined  Plane,  p.  73, 

n.  340. 

- Length  of,  ibid.  n.  339. 

Plate  is  moved  according  to  the  Laws  of  a 
Pendulum  vibrating  in  a  Cycloid,  X,  p. 
326,  n.  1  335. 

_ _ elaftick,  .if  one  End  being  fixt,  it  be 

bent,  it  is  lengthened  unequally  in  diffe¬ 
rent  Points,  p.  323,  n.  1332,  and  fol. 

of  Metal,  how  it  becomes  elallick, 
p.  368,  n.  1282. 

—  —  may  lofe  its  Elafticity,  ibid. 

then  does  not  reflect  Light,  if  its 
Thicknefs  be  too  much  diminifhed,  II,/*. 
925,  n.  3640,  and  fol. 

Plate  Curve,  the  Introceftions  of  it  are  as 
the  Weights,  that  it  is  loaded  with,  X,  p. 
3 27»  *•  1 339* 

»  —  and  the  Inflexions  of  it  are  propor¬ 
tional  to  the  Forces  with  which  it  is  re¬ 
tained  in  thefe  Inflexions,  p.  326,  it.  1336, 
and  fol. 

. .  Lengthening  of.  See  Lengthening. 

« - Colour  of  a  thin  one,  on*  what  it  de¬ 

pends,  IL  p.  269,  n.  3634^  and  fol. 

_ the  Colour  isencreafed  with  theThick- 

nefs,  p.  269.  n.  3631  ,  p.  272,  n .  3651. 

- -  thin  ones  tranfmit  f'ome  Rays,  and  re¬ 
flect  others,  p.  267,.  n.  3620,  and  fol. 

- Elafticity  of.  See  Elafticity. 

-  Variation  of  the  Colour  of  thin  ones, 

arifing  from  the  different  Situation  of  the 
Eye,/.  272,«.  265  2,.«.  352,^.273,  ».3657. 
Point  higheft  of  a  Way  run  through  by  a 
projected  Body,  p.  1 26,  n.  554^  and  fol. 

- -  of  Difperfion  of  Rays,  II,  p.  143,  n. 

2871. 

— this  Point  is  determined,  p.  1 41  r  #. 

2898. 

* -  radiant,  p.  143:,  n.  2869. 

or  Point  of  Difperfion,  when  at  a 
greater  or  lefs  Diftance,  p.  143,  n.  2873. 
—  drawn  by  three  Powers,  when  it  is  at 
seft,  X,  p.  6 6y  n. .  315,  and  fol.  p .  68,  n . 
3  so,  and  fol* 


-  drawn  by  four  Powers,  p.  69,  n.  325^ 

and  fol. 

-  drawn  by  five  Powers,/?.  70,  n.  328,. 

and  fol. 

Points  correfpondent  in  good  Eyes,  II,  p . 
1 79,  n.  3  1 06. 

-  of  Sufpenfion.  See  Balance . 

Polar  Circles,  II,  p.  302,  n.  3897,  and  fol.. 
Pole  antarXick,  p  302,  n.  3896. 
arttick ,  ibid. 

- -  Altitude  of.  See  Altitude.. 

Poles  of  the  Ecliptick.  See  Ecliptick . 

-  of  the  World,  p.  300,  n .  3877. 

■  how  far  diftant  the  Poles  of  the  World 
are  from  thofe  of  the  Ecliptick,  p .  301, 
n.  3889. 

-  of  a  Planet.  See  Planet. 

Power,  what,  I,  p.  27,  it.  123. 

• - -  applied  to  the  Axis  in  Peritrochio,  p. 

51,  n.  255,  and  fol. 

- - -  which  is  joined  to  a  Pulley,  p.  63.  nt 

3°3- 

-  which  is  joined  to  a  Screw,  p.  58,  n» 

283,  p.  63,  n.  304,  and  fol. 

-  which  is  joined  to  a  Wedge,  p.  55.  n. 

277,  p.  57.  it.  280,  p.  59,  n .  287,  and 
fol. 

—  ■  ■  applied  to  compound  Machines,  p.  61* 
n .  291,  and  fol.  p.  64,  n.  306,  and  fol. 

— .  applied  tOv  Sheaves  joined,  p,  63, 
304  and  fol. 

Power  applied  to  Wheels  joined,  p.  62 , 
298.. 

-  to  Pulleys,  p.  52,  n.  259,  and  fol;. 

— —  direX,  p.  65,  it.  308. 

- — —  oblique,  ibid.  n.  309,  and  fol.. 

—  .  ■  applied  to  Machines,  ibid.  ».  .3-10,  and 
fol. 

— —  Refiftance  of,  how  it  increafes,  p.  30,, 
n.  1 41. 

Powers  drawing  a  Lever  two  Ways,  p.  49,. 
n.  248,  and  fol. 

— ■  ■  fuftaining  a  Weight  obliquely,  p.  71* 

11.  332,  andfol.  p .  72,  11.  336,  andfol. 
— —  ■  feveralmay  deftroy  themfelves,  p.  31,. 
n .  1 46. 

- -  what  Sort  of  proper  to  raife  Weights, 

p.  48,  n.  246. 

—  AXions  of, how  they  differ  from  one  an? 
other,  p.  28,  it.  129,  p.  30,  n.  142. 

—  their  Intenfities,  in  what  Ratio,  p.  29, 
n.  1 3 1,  and  fol. 

Power  of  a  Quantity  how  raifed  to  a  greater* 

I,  p.  162,  11.  675,  and  fol. 

Pound,  (J.)  defends  the  Opinion  of  Romerr 

II,  p.  102,  n.  2636. 

ProceJJton  of  the  ^Equinoxes.  See  JEqui- 
nexes»  Prejfure 
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PreJJure  equal  every  Way  may  be  fuftained 
by  foft  and  brittle  Bodies,  without  any 
Alteration  of  their  Figure,  I,  /.  353, 
I47r,  and  fol. 

-  is  often  defiroyed  in  Part  by  a  con¬ 
trary  Preffure,  /.  167,  n.  698. 

—  differs  from  Force,/.  169,  n.  7 14,  and 
fol. 

-  communicates  Velocity  to  a  Fluid,  /. 

376>  «•  1575,  and  fol. 

*“ -  of  a  Fluid  equal  every  Way,  does 

not  alter  the  Figure  of  any  Drop,  p.  2r4 
*.  1473,  and  fol..  *** 

Power  upon  a  folid  immerfed  encreafes  in 
the  Ratio  of  the  Height  of  the  Fluid  a- 
bove  the  Solid,  /.  353,  *.  1468,  and  fol. 

-  on  it,  every  Way  is  nearly  equal,  p. 

353,  «•  14/0- 

■  upon  tlie  lower  Parts  of  a  Fluid,  exerts 
its  Action  every  Way,  and  that  equally, 
/.  341,  ft.  1418,  and  fol. 

P rejjiire  what  exerted  upon  the  Surface  by 
a  Fluid,  p.  344,  n.  1431 , /.  34 7,».  1441, 
and  fob  /.  35a,  n.  1453. 

—  ■  ■«  lateral  of  a  Fluid  is  equal  to  the  Ver¬ 
tical,  /.  351,  n.  1445,  /.  349,  n.  144 7. 
p.  351,  n.  1457. 

of  a  Fluid  upwards,  equal  to  the 
Preffure  downwards,/.  349,  n.  1448,  and 
fol./.  351,».  1454. 

—  generates  Force,  /.  1 67,  n.  696,  and  fol. 

—  badly  compared  with  innate  Force,  /. 
168,  n.  704. 

—  overcome  by  Force,  Hid.  ».701,  and 
fol. 

—  or  Power.  See  Power. 

—  Adion  of.  See  AElion. 

— ■  ■  Diredion  of  that  off  a  Fluid  is  per¬ 
pendicular  to  the  Surface  preffed,  /.  355, 
n.  1474. 

—  ■  by  it  the  Parts  of  Bodies  cohere  to¬ 
gether,  /.  217,  n .  926. 

—  by  it  alone  a  Body  in  Motion,  can 
communicate  Motion  to  another  Body,  /. 
232,  n.  1003,  and  fol. 

— —  ■  equal,  /.  28,  n.  124. 

—  equal  ones  deftroy  one  another,  ibid, 
ft.  125,  /.  30,  n.  139,  /.  30.  n.  143,  and 
145. 

u  ■■■  Ratio  of  PrelTures  to  one  another,  /. 

28,  n.  126. 

Prifms  with  Stands,  II,  /.  254,  ft,  3552,  and 
fol. 

Problems  relating  to  Bodies  projeded  in  a 
Fluid,  I,/.  468,  n.  2042,  and  fol. 
ProgreJJion  may  be  continued  in  infinitum,  I, 

/.  8,  tt.  43,  and  fol. 


P roje Elion  of  a  Body  to  a  given  Difiance,  I, 
/;  *25»  »•  547,  and  fol. 

ProjeElion  of  a  Body  to  a  given  Difiance 
through  a  given  Point,  p.  127,  *. 

— —  of  heavy  Bodies,  p.  122,  n.  -j0,  and 
fol. 

—  Body  projeded  upwards,  has  a  two- 
fold  Motion,.  H,  /.  336,  *.  4150..,, 
Proportion  Rule  of,  performed  mechanically, 
I,  /:  44,  ».  231. 

Pupil,  II,  /.  173,  3064. 

Q. 

Qualities  of  all  Bodies,  I,  /.  3,  *  II# 

Quantity  of  a  Fluid  running  out  of  VdTeF- 
See  F/W. 

R. 

Radiant.  See  Point. 

Rain,  why  it  falls,  II,/.  86,  n.  2543; 
Rainbow ,  when  it  happens,  II,  /.  262  » 
359  s,  and  fol. 

-  what  Motion  of  Light  required  to 

form  it,  /.  259,  n.  3577,  and  fol./.  264 
».  3601,  and  fol. 

* - L*"?  often  obferved,  /;  263,  *.  3roq, 

and  fol. 


of  Light,  II,  /,.  98,  «.  2611. 

• -  incident,  /.  128,  n.  2784. 

-  falling.upon  a  fpherical  Surface,  fepa- 

rating  the  Mediums,  how  refraded.  /.  1  r  1 
n.  2919,  and  fol.  ^  * 

—  refleded,  /.  200,  n.  3238. 

- — .  refraded,  /.  12-8,  n.  2785. 

*° -  every  Proceeding  from  the  Sun,  is 

heterogeneous,  /;  240,  n.  34; 0 , 

— -  palling  through  the  Center  of  a  fnhe- 
rical  Surface,  is  not  turned  out  of  its 
Way,  /.  151,  ».2916. 

Rays  converging  and  more  convergino-  v 
143,  n .  2874.  5  **  ** 

— *  when  they  become  more  converging 
/.  146,  ».2891,  and  2894. 

' -  when  they  become  lefs  converdncr  t- 

146,  n.  2888.  43  . 

-  falling  upon  a  fpherical  Surface,  fome- 

times  are  not  refraded,  /.  154,  n.  29 42, 
/.  157,  n.  2970. 

-  become  parallel,  /.  156,  n.  2951,  p, 

1 57»  »•  297  ^ 

-  iefs  or  more  converging,  p.  i--, 

2943,  and  fol.  p.  156,  n.  2961. 

-  dired,  /.  144,  n.  2878. 

-  and  difperfed  a  little,  how  refraded, 

if  they  fall  upon  a  fpherical  Surface,  p. 
152  iff.  2929,  and  fol.  /.  161,  #.  29S9, 

— —  parallel  how  refraded,  if  they  fall 

on 


I 
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on  a  fpherical  Surface,  /.  152,  n.  2927. 

- -  diverging,  p.  143,  2S68. 

_ more  diverging,  p.  143,  n.  2872. 

Rays  diverging  that  fall  upon  a  fpherical  Sur¬ 
face,  fometimes  become  converging,  p. 

154,  n.  2936,  and  fol. 

-  thole  are  not  bent  by  Refradion,  p. 

155,  «.2947. 

•  -  but  go  out  parallel,  /.154,  n.  2938, 

ancl  fol. 

-  are  difperfed  more,  /.  155.  *.  2948, 

and  fol.  p.  156.  n.  296 o,  p.  157,  n.  296 8, 

P'  «•  2973- 

- - lefs  diverging,  p.  154,  n.  2940,  and 

fol.  /.  155,  'n.  2948,  p.  156,  n.  2959. 

- - -  efficacious,  p.  260,  «.  3581,  /.  264. 

n.  3601-  and  fol. 

-  Heterogeneous,  /.  240,  n.  3468. 

-  Homogeneous,  p.  239,  n.  3467. 

-  entring  the  Eye,  converge,  /.  174, 

n.  3069. 

- - are  not  altered  by  Permixtion,  p .  355, 

n.  3559,  and  fol. 

-  nor  by  Reflexion,  p.  251,  n.  3537, 

and  fol. 

- -  nor  by  Refradion,  p.  248,  n.  3514, 

and  fol. 

-  oblique,  p.  144,  n.  2873. 

. -  parallel  falling  upon  W ater  furround- 

ed  with  Air,  /  259,  n.  3577,  and  fol. 

■  -  falling  upon  a  fpherical  Surface,  fome- 

times  become  converging,  p.  153 9n.  2934, 
and  fol.  /.  156,  n .  2956. 

-  and  diverging,  p.  153,  n.  2945,  and 

fol.  p.  157,  n.  2967,  and  2972. 

— —  paffing  out  of  one  Medium  into  ano¬ 
ther,  when  they  are  parallel  after  Re¬ 
fraction,  p.  144,  n.  2879,  and  fol. 

—  paffing  through  Cryltal,  howrefraded, 
p.  248,».  3518,  and  fol. 

- all  don’t  always  undergo  the  fame  Re¬ 
fraction,  p.  239,  n.  3465,/.  240,  n.  3472, 
and  fol. 

Rays  of  the  Sun  fixed  by  an  Helioftate,  p. 
107,  «.  2660,  and  fol.  p.  1 13,  n.  2709, 
and  fol. 

... -  paffing  through  the  Center  of  a  Lenfe, 

p.  168,  71.  3038,  and  fol. 

•  -  paffing  through  a  concave  Lenfe,  their 

Diredion,  p.  166,  ti.  3020,  and  fol. 

■  -  paffing  through  a  convex  Lenfe,  their 

Diredion,  p.  165,  n.  3010.  and  fol. 

- -  Diredion  of,  not  altered  iu  plane 

Glafies,  p.  165,  n.  3005. 

•  - of  dired  ones,  fometimes  there  is  no 

Point  of  Difperfion,  or  Focus,  p.  147, 
2895. 
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— —  Refraftion  of  oblique  ones,  falling  0». 
a  plane  Surface,  is  examined,  p.  147,  n, 
2897,  p.  149,  n.  2906. 

— —  RefraCtion  of,  a  little  difperfed,  failing 
on  a  fpherical  Surface,  p.  159,  n.  2979, 
and  fol.  p.  1 6 1 ,  n.  2990. 

~  Refradion  of  converging  or  diverging 
ones,  p.  159, 71.  2981,  and  fol.  p.  162,  n. 
2994,  and  fol. 

— -  no  Point  of  Difperfion  or  Focus  of 
thefe,  /.  148,  ti.  2901,  and  fol.  p.  160, 
77.  2987; 

*  -  of  Parallel  paffing  through  a  Lenfe, 

the  Point  of  Concourfe  or  Difperfion,  p. 
167,  n.  3029,  and  fol,  p.  1 7 1,  n .  3054. 

- -  Refrangibility  of  thole  refleded  by 

Bodies,  on  what  it  depends,  p.  273,  77. 
3659,  and  fol. 

■  -  what  remains  relating  to  the  Rays  of 

Light ,  fee  in  Light. 

Reaction  is  contrary  to  Adion,  I,  p.  80, 
ti.  361,  and  fol. 

—  of  the  Particles  of  Fluids  is  one  Caufe 
of  the  Refinance,  which  a  Body,  moved 
in  it,  undergoes,  p,  437,  ».1891,  and  fol. 

Reft  angle  of  Ufein  Experiments  relating  to 
Light,  II,  /.  126,  n.  2775. 

Rejleftion  of  Light  from  Bodies,  II,/.  1 72 
n.  3057,  p.  197,  *.  3225. 

-  from  a  poliffied  Surface,  /.  200,  77. 

3236,  p.  205,  n.  3262. 

■  -  with  what  Force  made,  /.  203,  n . 

3256. 

— —  has  a  Relation  to  the  refrading  Force, 
p  55,  n.  2359,  an(^ 

Rejleftion  of  Light  is  not  given  in  the  Sur¬ 
face  of  Bodies,  /.  204,  17.  3261. 

-  does  not  arife  from  the  friking  of 

Light  againft  the  folid  Parts  of  Bodies, 
p.  201,  77.  3246,  and  fol 

-  Angle  of  Refledion,  I,  p.  2  76,  n. 

1162,  II,/.  200,  n .  3239. 

-  is  equal  to  the  Angle  of  Incidence,  I, 

/.  276,  n.  1163,  II,  /.  200,  n.  3241,  and 
fol. 

•  -  Laws  of  it,  /.  20  r,  ».  3244,  and  fol. 

Refraftion  of  Light,  II,  /.  287,  ».  2777. 
-  when  it  happens,  /.  288,  »,  2778. 

'  whence  it  arifes,  ibid,  n.  2779,  and 
fol. 

—  ■  from  one  Medium  into  another  may 
be  determined,  /.  140,  n.  2856,  and  fol. 

—  when  the  Mediums-  are  feparated  by 
a  plane  Surface,  /.  143,  n.  2867,  and 
fol. 

—  and  when  feparated  by  a  fpherical  Sur¬ 
face,  /.  15 1,  77.  291 and  fol. 

Refraftion, 
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Refrattion  differs  according  to  the  different 
Denfities  of  the  Mediums,^.  1 3 1,  n.  2803. 
-  of  diverging  Rays,  falling  oblique¬ 
ly  upon  a  more  refrading  Medium,  de¬ 
termined,  p.  145,  ?/.  2882,  and  fol.* 
Refradlion,  Angle  of.  See  Angle. 

— — —  Laws  of  demonff  rated,//.  133,77.  281c 
and  fol.  '•  ^ 

-  whence  deduced,  p.  1 3 1,  77.  2804. 

—  different  Cafes  of,  p.  152,  n.  2927, 
p.  153,  tt.  2934,/;,  155,  /7.2945,/;.  156, 

71.  2956,  p.  I57,  77.  2967. 

Refrangibility  different  in  different  Rays,  p. 
239,  11.  3465,  //.  240,  /?.  3472,  and 
fol. 

— -  of  Rays  has  a  different  Colour,  p.  245, 
n%  3495* 

—  in  all  Rays  is  unchangeable,  p.  247, 77. 

35 1 3,  and  fol. 

—  is  inherent  in  Rays,  p.  248,  n.  3514. 

* -  the  greater  it  is,  the  more  eafily  Rays 

are  refleded,  p.  254,  n.  3551. 

Relaxations,  of  a  Spring.  See  Spring.. 

— "  of  the  Parts  bent  in  elaltick  Solids, 
in  what  Time  made,  I,  /;.  334,  n.  1374. 
Repuljion  of  the  Rays  of  Light,  II,  p.  u6. 

/7.  2726. 

—  Inffances  of  it,  I,  /7.  20,  »..87,  and 
fol. 

- - the  Caufe  of  it  unknown  to  us,  II, 

p.  in ,  77.  2753. 

Rejtjiance  and  Adion  differ  relatively.  See 
A  A  ion. 

—  of  a  Body  when  it  is  accelerated,  I, 

p.  1 77,  77.  751. 

- - -  of  a  Cylinder  moved  in  a  Fluid,  to 

that  of  a  Cone,  //.  443,  77.  1918,  p.  451, 

77.  1949,  and  fol. 

- - of  a  Globe,  /7.  444,  n.  1919,  p.  451, 

/7.  1950. 

—  ■  of  a  Globe  moved  in  a  Fluid  to  the 
Refiftance  of  a  Cone,  p.  444,  n.  1920. 

—  from  the  firft  Caufe  in  different  Fluids 
differs,  p.  44 7,.  n.  1932. 

— —  is lefs  in  fwifter  Motions,  ibid.  n.  1933. 

—  which  a  Body  moved  in  a  Fluid  fuffers, 

is  not  changed  with  the  Figure  of  the  Bo¬ 
dy,  Z7-  443»  *9i6‘ 

•  ■  from  the  fecond  Caufe  is  as  the 
Denfity  of  the  Fluid,  p.  447,  n.  1934. 
c— ■  ■  which  a  Body  moved  in  a  Fluid  fuffers, 
varies  according  to  the  different  Figure  of 
the  Body,  p.  143,  77.  1917. 

•—  inffantaneous  of  a  Body  moved  in  a 
Fluid,  II,  p  473,  n.  2066,  and  fol. 

of  a  right  Prifm,  moved  in  a  Fluid, 
what  Weight  it  is  equal  to  I,  p.  448,  n . 
1937,  449,  ».  1943, 
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which  Bodies  moved  in  Fluids  fuffer, 
whence  it  arifes,  p.  436,  77.  1885,  and 
foi. 

Refinances,  which  Bodies  fuffer,  that  are 
moved  in  Fluids  with  different  Velocities, 
examined  by  Experiments,  p.  44 1 ,  //.  1  goS, 
and  fol.  J 

Rejl  and  Motiaw  differ  relatively.  See  Mo¬ 
tion. 

~ - -  of  Bodies  demonftrates  the  Equality 

of  Motion,  I,  p.  8 1,  77.  367. 

*  - *  °f  Bodies  in  Collifion,  when  it  hap¬ 

pens,  p.  224,  77.  962,  and  fol,  p.  225,  n.  • 
9^8,  and  fol  p.  244,  «.  1058. 
Retardation  of  a  Body  in  a  Fluid,  from  a 
double  Caufe,  p.  452,  77.  1953,  p.  455, 

n-  1 975»  /'•461,  «.2002,  and  fol,/?.  465, 
77.  2027,  and  fol. 

-  of  a  Body  fpecifically  heavier  than  a 

Fluid,  that  afeends,  or  fpecifically  lighter, 
that  defeends,  p.  455,  n.  1976,  p.  468, 
77.  2040,  and  fol. 

-  in  which  it  is  projeded  upwards,  p. 

468,  77.  2040,  and  fol. 

-  of  a  Body  in  a  Fluid,  in  infinitely 

fmall  Moments,  is  equable,  p-.  461,  n. 
2003,  p.  471,  77.  2059. 

-  of  a  Body  in  a  Fluid  at  reff,  is  equal 

to  the  Velocity  which  it  acquires,  whilff 
the  Fluid  is  moved,  p.  452,  n.  1055. 

*  -  arifing  from  the  Cohefion  of  Parts,  p. 

453,  77.  i960,  and  fol.  p.  462,  77.  2008, 
and  fol.  p.  472,  n.  2604,  and  fol. 

- -  from  the  fecond  Caufe,  p.  454,  77. 

1964,  and  fol.  p  463,  n.  2012,  and  fol. 

-  of  a  Fluid.  See  Fluid. 

Retardations  of  Pendulums  in  Fluids;  p.  458, 
n.  ic)2c),p.  459,  n.  1991. 

Retina,  II,  p.  174,  /?.  3068. 

Ring  of  Saturn,  II,  /?.  282,  n.  3732. 

- -  Appearances  of  it,  p.  295,  77.  3827. 

of  the  Stars,  II,  p.  304,  n.  3910. 
River,  \,  p.  399,  72.  1667. 

——  in  a  permanent  State,  p.  399,  n.  1 668, 

- regular,  p.  405,  77.  1707. 

■ - *  bending  its  Courfie,  is  not  always  ir¬ 

regular,  p.  405,  77.  1713. 

-  how  made,  v.  402,  n.  1684. 

-  'I 'bread  of, '  p.  405,  n.  1708. 

—  Bottom  of,  how  railed,  p.  407,  ?/. 
1724,  and  fol. 

-  Mouths  of,  how  multiplied,  p.  407,' 

7z.  1724,  and  fol. 

»■»  Sedion  of,  p.  399,  n.  1699. 

•— ■  Velocity  of,  altered  by  what  Caufes, 
p.  403, 72.  1689,  and  fol.  p.  405, 77.  1712, 
find  fol.  p.  407, 72,  i  Jib,  and  fol. 

Rivers 
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Rivers  undergo  many  Alterations,  y.  404, 
n.  1702,  and  fol.  y.  406,  n.  1715,  and 

fol. 

. — —  all  the  Channels  of,  not  made  hollow 
by  Nature,  y.  402,  ?i .  1686,  y.  404,  n. 
170U  and  fol.  y.  407,  n.  1723. 

- Courfe  of  to  be  examined,  y.  399,  n. 

1 67 1 ,  and  fol. 

-  Changes  of,  how  hindered,  y.  408, 


*•  1733- 

Banks  of,  why  they  don’t  reflect  the 


Waves,  y.  410,  n.  1743. 

Rackets ,  an  Explanation  of  their  Motion,  II, 
y.  70,  n.  2447. 

Renter  endeavoured  to  determine  the  Velo¬ 
city  of  Light,  y.  99,  n.  2621. 

Royes,  Parallelifin  of  them  in  Sheaves  joined, 
may  be  negle&ed,  I,  y.  53,  n.  267. 


S. 


Sagitta  of  a  Chord,  I,  y.  31^,  n.  1283. 

— —  encreafe  of  it,  how  determined,  y. 

320,  n.  1304,  y.  321,  n.  1311,  and  fol. 
Sagitta  fometimes  are  not  varied,  though 
the  Weights  be  changed,  y.  316,».  1288. 
— —  are  fometimes  as  the  bending  Forces, 
ibid .  n.  1289. 

—  they  are  fometimes  as  the  Lengths  of 
the  Chords,  ibid .  n.  1291. 

which  different  Weights  hung  on  the 


elaflick  Plate  have  given,  y.  325,  n.  1326, 
and  fol. 

Sand  continually  worn  away  by  the  flowing 
Water,  I,  y.  404,  77.  1703,  and  fol.  y . 
40c,  171,7/.  and  fol. 

Satellites.  See  Planets  Secondary. 

Saturn ,  II»  y.  282,  n.  3732. 

—  always  appears  round,  y.  294,».  3820. 

- gravitates  towards  Jupiter  and  his  Sa¬ 
tellites,  y.  321,  n.  4062,  and  fol.  344, 
*.4194. 

his  Ring.  See  Ring. 

Motion  and  Diftance  of  his  Satellites, 

283»  »•  3745- 

Diftance  and  periodick  Time  of  his 


fourth  Satellite,  y.  338,  n.  4160. 
Sclerotica,  ir,  y.  173,  n.  3063. 

Screvo  exterior,  I,  y.  58,  n.  2 8z. 

-  interior,  y.  58,  ».281. 

- perpetual,  y.  63,  n.  304. 

Seafons  annual,  II,  y.  313,  n.  4008. 

- -  in  the  northern  Regions,  y.  313,  n. 

4009. 

* -  in  the  Southern,  y.  314,  «.4010. 

~~ —  in  the  Torrid  Zone,  ibid .  n .  40 1 1, 
and  fol. 


—  Diverfity  of  them,  the  Caufe  of,  y. 
312,  «.  4002,  and  fol. 

Section  of  a  River.  See  River. 

Segments  of  Spheres  equally  elaflick,  prefled 
inwards,  I,  y.  336,  n.  1388,  and  fol. 

-  Comparifon  of  the  Segments  of  a 

Sphere, .  y.  205,  n.  863,  and  fol. 

Senfation  in  Phyficks  how  to  be  explained, 
II,  y .  48,  n .  2311,  and  fol. 

Senfes  teach  nothing  of  themfelves,  II,  y. 
176,  n.  3080. 

—  how  we  diflinguifh  by  them,  y.  1 76, 
n.  3084. 

Sefquiditore,  II,  y.  55,  ».2366. 

Setting  of  the  Stars,  II,  y.  304,  n.  3911. 

Sight,  II,  y.  1 75,  n.  3076,  y.  3086. 

Signs  of  the  Zodiac.  See  Zodiac. 

Sines  of  the  Angles  of  Incidence  and  Re¬ 
fractions.  See  Angles. 

Silver ,  Denfity  of  it.  See  Denfity. 

-  Weight  of,  I,  y.  13,  n.  63. 

-  an  Ounce  of,  how  far  it  may  be  ex¬ 
tended,  ibid. 

Siyhon ,  II,  y.  38,  n .  2258,  and  fol. 

-  for  railing  Water,  y.  39,  n.  2261. 

may  be  turned  into  Flame,  II,  y.  87, 
n.  2552,  and  fol. 

Snozv  mixed  with  Sea-falt  turns  Water  into 
Ice,  II.  p.  9 6,  ».  2606,  and  fol. 

Solidity  of  Matter,  what,  I,  3,  ».  15. 

-  can’t  be  deduced  from  the  Nature  of 

Extenfion,  y.  6,  n.  29,  and  fol. 

—  ■  ■  Idea  of  it,  how  acquired,  y.  5,  n.  23. 

- -  not  contained  in  the  Idea  of  Extenfion, 

y.  5,  n.  25,  and  fol. 

Solid  fpecifically  heavier  than  a  Fluid  in 
which  it  is  fufpended,  does  not  load  it 
more,  than  an  equal  Quantity  of  the  fame 
Fluid,  y.  2 58,  n.  1501,  and  fol. 

- -  in  which  it  is  immerfed,  defeends,  yi 

359,  *.  1475. 

—  lighter  than  the  Fluid  in  which  it  is 
immerfed,  afeends,  y.  354,  n.  1476. 

*■■■•■  of  the  fame  fpecifick  Gravity  with 
the  Fluid  in  which  it  is  immerfed,  will 
remain  fufpended  at  any  Height  in  the 
Fluid,  y.  355,  n.  1477. 

Solids  elaflick  examined,  y.  333,  n.  1 372,  and 
fol. 

immerfed,  what  Weight  they  Jofe. 
See  W eight. 

—  hydroftatical  Compdrifon  of  them,  /7. 
371,  n.  1558,  and  foJ. 

Soljlitial  Points,  II,  y.  176,  ».3083. 

Sound  is  heard  at  a  different  Diflance,  ac¬ 
cording  to  the  Dire&ion  of  the  Wind,  II? 
53»  2343. 


Sound 


INDE  X. 


Sound  is  encreafed  in  a  Tube  bv  Refle&inn  ^  ,  , 

e-  SI.  «.  *3«°,  and  fol.  y  Refle£lKm>  SfT  ft  »  Ming  Body,  I,  y, 

ing,  y.  49,  ».  ,3,8.  ~8" “  1 ft*1 3e%J°£m*  aIong  a  P^e, 

Body,  ibid,  n.  2317.  ‘  ——  and  by  Bodies  moved  through  a  Fluid, 

—  no  Sound  in  Vacuo  „  rn  f'  45s’  ?•  ’973-  and  fol. 

and  fol.  ,  P-  5°,  n.  2322,  - -  run  through  by  central  Forces,  y,  1  s  1 , 

-—  arifes  from  the  tremulous  Motion  of  ^for/oblique.  IX  »  ,07  *  ,oi6 
Bodmy.  49,  ».  23,3,  and  fol.  y.  jo,  — _  paralii? 

~  377J. 

— *"*«•'  *=  B».  °f  * 

--  is  produced  by  the  Motion  of  Waves  ^34,  t^yr^d  ftf*  *’  ?' 

^ur^howemfidered^.  ,St. 

IonTy-st  ‘hat  Pr0d“CeS  ‘he  £?£■***  *r  P-?'  ”■  47’ and  foL 

—  Intenfity  of  it,  upon  what  it  depends,  and  folT  e  meafured,  p.  to ,  ».  5,. 

confidered,  to  detennine  -^/-^^ifferfromanotherin  Length, 


the  Intenfity  of  it,  y.  53,  ».  2348. 

—  m  what  Ratio  the  Intenfity  is,  w.  n  „ 
2347.  t-  62,  ».  2388,  and  fol. 

—  how  the  Intenfity  is  changed,  y.  54, 
*•  2349* 

— •  the  Intenfity  of  it  is  encreafed  in  com- 
prefied  Air,  p.  54,  ».  2350,  and  fol. 


of  Turpentine,  Denfity  of  it  to  that 
of  Water.  See  Water. 

Spots  white  in  the  Heavens,  II,  p.  318,  «. 

4044* 

made  by  elaftick  Spheres,  of  what 
•Kind,  r,  p .  335,«.  1384,  and  fol.  p.  327 
».  1393,  and  fol. 


Winte?  «  fner,!nr,SunT/ithan  in  how  it  appears  that  it  is  relaxed  in 

Wmter’  *'  2353.  and  fol.  equal  Times,  if >.  , 84,  784.  and  fol 


watery  Vapours  obftruft  the  Intenfity 
of  it,  p.  55,  *.  2355. 

— -  Repetition  of  it,  whence  it  arifes,  p. 
57,  a.  2378. 

Repetition  of  the  fame  often  happens 

*  Tranflation  ofj  from  the  tremulous 
Motion  of  Fibres,  p.  50,  n.  2328,  and  fol. 

—  Velocity  of,  p.  52,  *.  2336,  and  fol. 

—  the  Velocity  of  it  differs  from  diffe¬ 
rent  Caufes,  p.  52,  n.  2340,  and  fol. 

Space  is  infinite,  I,  p.  5,  «.  27. 

—  immoveable,  «.28. 

— —  the  Idea  of  it  is  very  fimple,  5, 

—  run  through,  how  encreafed,  p.  27, 
n .  120.  . 

- run  through,  in  what  Ratio,  ibid.  n. 

121. 

- -  if  the  Space  r,un  through  it  is  the  fame, 

the  Action  is  the  fame,/?.  171,  »,  728, 
p.  199,  n.  837.  • 

Space  taken  up  by  Matter  that  becomes 
elaftick,  is  very  final!,  whilft  inherent  in 
Bodies,  II,  p.  u,  n.  2126. 


moved  with  a  Ship,  what  Force  it 
communicates,  p.  270,  n.  1145. 

~ —  whilft  it  is  relaxed,  what  A&ion  it 
produces,  p .  328,  «.  1 343,  and  fol. 

— —  bent  what  Forces  it  communicates  to 
Bodies  moved  by  it,  p.  254,  n .  1087.  p . 
257,  n.  1095,  and  fol. 

- -  bent  between  fufpended  Bodies  how 

relaxed,  p.  255,  ».  1090,  and  fol. 

‘ — 7“  w^at  Velocities  it  communicates  to 
them.  See  Velocities . 

~  fame,  whether  relaxed  flower  or 
fafter,  communicates  equal  Force  to  a 
Body  p.  i7z,  n.  731,  p,  176,  n.  74, 

- -  what  Force  it  exerts,  at  that  Part,  at 

which  it  is  moved,  y.  268,  n.  1 140,  and 
fol. 

— —  if  Bodies  are  moved  oppofite  Ways 
after  the  Stroke,  p.  26gf  n.  1144. 

— —  whereby  a  Pendulum  is  moved,  p.  1 74, 
#.  739. 

ASton  of,  in  elaftick  Bodies  is  very  fudden, 
p.  264,  n.  1 1 27,  and  fol. 

—  wrongly  eftimated  by  forae,  p.  1 84, 

*•783.  DM 
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Spring,  DefeCt  of  its  Elafficity,  how  deter¬ 
mined,  p.  329,  n.  1349. 

--  Relaxations  of,  communicated  For¬ 
ces  which  are  as  the  Squares  of  the  In¬ 
flections,  p.  328,  n.  1344. 

, _ what  Velocities  they  communicate, p. 

328,  n.  1345* *  . 

Squares  of  natural  Numbers,  their  Sum,  I, 
p.  120,  n.  534. 

Stars  fixed,  II,  p.  103,  n.  2640,  p.  278, 
n .  3688,  p.  315,  n.  4023,  and  fol. 

- defcribe  Ellipfes,  p .  105,  n.  2648,  and 

fol. 

-  feen  with  a  Telefcope,  appear  like  a 

lucid  Point,  p.  316,  n.  4027. 

—  do  not  all  appear  equally  lucid,  p . 
317,  n .  4036,  and  fol. 

—  fome  are  periodical,  ibid.,  n .  4042. 

- - -  fome  have  appeared*  and  quite  va- 

nifhed,  ibid.  n.  4043. 

*—  a  great  Number  of  them  difcovered 
by  Telefcopes,  ibid.  n.  4041. 

Steelyard  Compound,  I,  p.  61,  n.  294,  and 
fol. 

Roman,  p.  38,  n.  193,  and  fol. 
Stones  calcined*  feveral  fhine,  after  they 
have  been  expofed  to  the  Sun,  II,  p.  66, 
n.  2422. 

Stroke  oblique,  I,  p.  216,  n.  922; 

—  depends  upon  the  refpe&ive  Velo¬ 
city,  p.  221,  n.  948. 

Subtilty  of  Parts,  I,  p.  13,  n.  63. 
Subtraction  Mechanical,  I,  p.  44,  n.  228. 
Support  for  twoPrifms,  II,  p.  252,  n.  3539, 
and  fol. 

Syftem  Planetary,  II,  p.  278,  n.  3686. 

*  -  confifts  of  feventeen  fpherical  Bodies, 

p .  278,  n.  3690. 

—  is  the  ObjeCt  of  Aftronomy,.  ibid,  n . 

3687. 

«—  Phyfical  Explanation  of  the  planeta¬ 
ry  Syftem,  /?.  341,  ».4108,  and  fol. 

- -  Dimenfions  of  it,  p<  281,  n .  372,5, 

and  fol. 

Sy&ygtes,  II,  p.  296,  n.  3840^. 

— »  •  •  .  •  • 

T, 

•  •  •  , 

'fable  Horizontal,  II,  p.  126,  n.  2773. 
fables ,  whole  Height  is  altered,  II ,p.  126, 
n.  2774. 

«■■■•  ■■  through  which  Light  is  tranfmitted, 
p.  125,  n  2768,  and  fol. 
fable  exhibiting  the  Powers  and  ACtiona, 
in  the  Lever,.  V;  p.  111,  n.  496. 

— — *  how  it  was  made,  /?.  116,  n.  520; 
of  Indices  and  Powers  in  Machines,  p. 
*14,  «.  508, 


-  how  it  is  conftruCted,  p.  120.  n.  rr$m 

and  fol. 

— — —  of  Ufe  in  the  Computations  concern¬ 
ing  the  Quantity  of  Water  running  out 
of  a  given  Hole,  p.  391,  #.  1637,  P-  39%, 
n.  1664,  anc*  fol- 

—  for  comparing  together  the  Segments, 
of  a  Sphere  and  Cone,  p.  206,  n.  867. 

fables  of  the  Refiftances,  that  Bodies,  moved 
in  Fluids  with  different  Velocities,  fuffer, 
p.  441,  n.  1908 ,p.  442,  n.  191 1  .p.  443, 
n.  1914,  p.  444,  n.  1922,  and  fol.  p.  446. 
ft.  1929,  and  fol.  p,  450.  n.  1945. 

—  of  the  Dimenfions  of  a  Cycloid,  p+ 
101,  n.  462,  p.  101,  n.  464,  and  fol. 

Tackle,  I,  p.  53,  n.  263. 

Telefcope,  II,  p.  192,  n.  3193. 

—  aftronomical,  p.  192.».  3194.  and  foL 

—  ■  in  what  different  from  the  Micro- 
fcope,  p.  193,  n.  3197. 

-  for  viewing  terreftriah  ObjeCts,  p.  102* 

n.  3199,  and  fol. 

- —  how  much  it  magnifies  ObjeCls,  de¬ 
termined,  p.  195,  n.  3207. 

—  -  through  which  an  ObjeCl  appears  ereCl, 
ibid.  n.  3209,  and  fol. 

—  Length  of,  p.  196,.  n.  $21 
Perfection  of,  ibid.  n.  3216. 


_  7  ~ 

Telefcopes ,  why  lefs  perfeCt,  p.  254,  n.  3550-. 

-  catoptric,  their  Length,  p.  220,  n . 

3357»  P-  225,  n ,  3390,  and  fol.  .  ;  , 

■ -  their  Aperture,  p.  220,  ».  3357»  and 

fol. 


— how  much  they  magnify,  p.  220,.  n. 

3354»  P-  22°>  n>  33 58»  P •  222>  »•  3369* 

and  fol.  p.  224,  n.  33 88,  p.  228,  n.  3406, 

and  fol. 

Telefcopes  catoptric,  how  they  reprefent  Ob¬ 
jects,  p.  221,  n.  3360. 

—  ■■  Gregorian,  p.  221,  n.  3364,  and  fol. 

—  what  Aperture-  they  fhould  have,  2 23* 

ft.  33 /8* 

•  -  compared  together,  p.  228,  n.  3410, 

and  fol. 

•  -  and  with  Dioptric  ones,  p.  230*.  n. 

3420,  and  fol... 

-  Newtonian,  p.  219,  »..3350,  and  fol. 

. brought  tO'  Perfection  by  Hadley,  p, 

221,  n.  3361. 

—  •  compared  together,  p.  zzy,  n.  3402* 
and  fol. 

•  - -  and  with  the  Gregorian  ones,  p.  224* 

»•  3385».  A  23°>  «•  34*7- 

•  -  Apertures  and  Eye-glafifes  of  Tele¬ 

fcopes  determined,  p.  198,  n.  3229,  and. 
fol. 

Things  natural,  I,  p<  1,.  n.  1. 

Thread 


INDEX. 


Thread  of  a  River,  See  'River. 
Thermometer,  whether  it  fhews  the  Degree  of 
Heat,  If,  p.  67,  n.  2432. 

— 7-  if  it  is  made  hot  fuddenly,  the  Fluid 
in  the  Tube  defcends,  p.  68,  n.  2433, 
and  fol. 

Thermometers  are  affedted  in  the  fame  Man¬ 
ner  by  neighbouring  Bodies,  p.  82,  n. 
2506,  and  fol.  p.  83,  n.  2134. 

Tide,  II,  p.  381,  n.  4463,  and  fol. 

-  is  derived  from  the  A&ion  of  the  Sun 

and  Moon,  p.  380,  n.  4357,  and  fol.  p. 
381,  n.  4469,  and  fol. 

*  - *  none  under  the  Pole,/;.  381,  n.  4467. 

- -  not  always  the  fame,/;.  382,  n.  4473, 

and  fol. 

*  - ■  near  Brijiol,  p.  384,  tt.  4491. 

— —  the  Forces  of  the  Sun  and  Moon  for 
producing  it  determined,  p.  384,  n.  4480, 
and  fol. 

■ -  how  the  Surface  of  the  Sea,  in  Tides, 

conftitutes  itfelf,  p.  366,  n.  4324. 

Time  of  the  AXion  of  a  Cylinder  on  Clay, 
the  Ratios  of,  I,  p.  205.  n.  859,  and  fol. 
p.  210.  n.  884,  and  fol. 

"  ol  the  rolling  of  a  Body  along  an  in¬ 
clined  Plane,  p.  85,  n.  38 3,  and  fol. 

— .  abfolute  or  true,  p.  26,  n.  117. 

-  relative,  p.  26,  n.  1 1 8. 

- -  mean,  II,  p.  310,  ».  3973. 

* -  Periodic.  See  Periodic. 

-  in  which  a  Spring  is  bent,  I,  p.  329, 

it.  1351,  and  fol. 

- -  which  is  of  Ufe  in  the  Experiment 

relating  to  Velocities  commmunicated, 
p.  329,  i  351,  n.  and  fol.  p.  332,  n.  1 36c, 
and  fol. 

-  of  a  Vibration,  its  Ratio  to  the  Time 


—  in  which  Percuflions  are  made,  how 
compared  together,  p.  237,  «.  1025,  and 
fol.  J 

- -  in  which  a  Lever  raifes  a  Weight  by 

Means  of  different  Powers,  how  com¬ 
pared,  p.  1 16,  «.519. 

- 7-  the  Squares  of  the  Times  of  the  Ac¬ 
tions  of  iome  Bodies  againfl  Clay,  are 
as  the  Malles,  p.  205,  n.  862,  p.  Z\\% 
».  891,  and  fol. 

Tone  does  not  depend  upon  the  Intenfity 
of  Sound,  II,  p.  55,  n.  2359. 

- -  Mufical,  on  what  it  depends,  ibid. 

n>  z357- 

- - -  degrees  of  Sharpnefs  of  different  ones, 

their  Ratio  to  one  another,  ibid.  n.  2358. 

Toricellian  Tube,  II,  p.  3,  «.  2086. 

Tranjlation ,  what,  I,  p.  28,  n.  128. 

Tropics ,  II,  p.  302,  n.  3894,  and  fol. 

Tubes  for  fpeaking  Trumpets,  their  moft  per- 
fed  Figure,  /?.  57,  ».  2380. 

Twilight,  II,  p.  310,  n.  3977. 

- -  Caufe  of  Twilights,  ibid.  n.  3977. 

• - •  Caufe  of  Twilights,  ibid,  n.  3978. 

V. 


of  a  vertical  Fall,  p.  91,  n.  415,  p.  103, 
n.  47®* 

—  ^Equation  of,  II,  p.  310,  n.  3973. 
Confideration  of,  may  be  negleXed,  in 


'  - - J - - £)  *** 

determining  the  EffeX,  that  a  Body  pro¬ 
duces,  whilfl  it  lofes  Force,  I,  p.  171,  n. 
728,  p.  196,  n.  826,  p.  199,  n .  836,  and 
fol. 

Times  in  which  Cavities  are  made,  how  de¬ 
termined,  p.  208,  n.  86 8,  and  fol.  p.  20a, 
n.  881,  and  fol. 

— -  ■  thefe  Times  are  compared,  p.  212, 
n.  899,  and  fol. 

— ■  in  which  a  Fluid  runs  out  through 
Holes,  of  what  Kind,  p.  392,  164.1, 

and  fol. 

— •  in  which  the  Inflexions  of  elaflick 
Bodies  are  made,  of  what  Kind,  p.  337, 
71.  1 397,  and  fol. 


Vacuum ,  I,  p.  4,  n.  st. 

-  is  poflible,  ibid.  n.  22. 

•  -  proved,  II,  p.  330,  *.  4120,  and  fol. 

Vapour  takes  up  much  lefs  Space  than  Water, 

II,  p.  11,  tt.  21 27,  p.  12,  n.  2133,  an<I  fol- 

•  -  why  equally  hot  with  boiling  Water, 

p.  83,  n.  2513. 

- -  elaflick  Force  of,  p.  69,  n.  2441,  and 

fol. 

Vapours  fometimes  appear  fuddenly  in  th« 
Air,  p.  87,  ft.  «544,  and  fol. 

Velocity ,  I,  p.  26,  n.  119. 

- -  acquired,  p.  82,  tt.  372. 

■ - -  of  the  Water  of  a  River.  See  Water. 

■ — -  is  encreafed  as  long  as  a  Body  is  prefled, 
p.  l6y,  n.  697. 

-  of  a  Body  projeXed  upwards,  />.83, 

n .  377,  and  fol. 

-  and  in  any  Point,  p.  izy,  tt.  556. 

-  of  Bodies  defeending  on  an  inclined 

Plane,  p.  84,  n.  384,  and  fol. 

- -  of  Bodies  defeending  in  a  Curve,  p, 

86,  n.  393* 

-  is  communicated  to  Fluids  by  Preflure, 

p.  376,  n.  1575,  and  fol. 

-  whereby  a  Fluid  fpouts,  by  the  Pref- 

fure  of  a  fuperincumbent  Fluid,  of  what 
Kind,  p.  378,  n.  1583,  p.  379,  #.  1585. 

- of  a  River.  See  River. 

Hhh  2  *  •  Velocity 
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Velocity  an  equal,  lateral  is  not  always  com¬ 
municated  by  an  equal  Impreffion,  p.  272, 
n .  1150. 

—  —  of  Light.  See  Light. 

- — ■  greateft  of  an  accelerated  Body,  /?.  456, 
n.  1978,  and  fol ,/.  470,  n.  2053,  and  fol. 

—  of  a  Pendulum.  See  Pendulum . 
after  a  Stroke,  common  to  Bodies,  tend¬ 
ing  towards  the  fame  Part,  how  had,  p. 
229,  n.  988,  and  fol.  p.  234,  n.  ion. 

— —  after  a  Stroke,  common  to  Bodies, 
tending  towards  contrary  Parts,  how  had, 
p.  229,  n.  990,  and  fol,  p'.  235,  n.  1012, 
and  fol. 

■  - after  the  Stroke,  in  the  Collilion  of 

three  non-elaftick  Bodies,/?.  285,  n.  1184, 
P •  294,  1214. 

- - if  a  Body  runs  dire&ly  againft  another, 

which  coheres  with  other  Bodies,  how 
had,  p.  246,  n .  1069. 

— of  a  Point,  in  which  is  made  the  Per- 
cuffion  of  different  Bodies  joined,  how 
had,  p.  241,  ».  1045,  p.  245,  ».  1064. 

»■  --  refpe&ive,  p.  21 6,  n.  917,  and 
fol. 

■  -  double,  what  refpettive  A&ion  it  gives, 

p.  231,  n.  1001. 

—  of  Sound.  See  Sound. 

— —  equal  Degrees  of,  how  communicated, 
p.  168,  n.  705. 

—  Change  of  in  the  linking  of  elaftick 
Bodies,  with  refpeft  to  all,  of  what  Kind, 
/.  286,  n.  1188,  and  fol. 

Velocities  acquired  and  loft  often  denote  the 
fame  Change,  p.  166,  n.  689,  and  fol. 

— —  communicated  by  a  Spring  bent,  p , 
254,  n.  1088,  and  fol.  p.  257,  n .  1096, 
and  fol. 

- -  and  by  a  Spring  relaxed,  of  what 

Kind,  p.  328,  n.  1345,  ant*  P-  33 l> 
n.  1360,  and  fol. 

—  ...  of  a  Body  that  is  retained  in  a  Curve 
by  a  central  Force,  p.  15 1,  n.  643. 

-  of  falling  Bodies  compared,  p.  89,  ». 

4°3*  .  „  , 

-  of  elaftick  Bodies,  after  the  Stroke, 

their  Laws,  p.  260,  n.  mo,  and  fol. 

Velocities  of  Bodies  in  the  Motion  of  a 
Pendulum,  p.  106,  n.  478. 

—  ■  after  the  Stroke  how  determined,  p. 
228,  ».987,  and  fol./.  245,«.  1064,  and 
fol. 

—  which  communicate  Motion  by  Pref- 
fure  alone,  p.  307,  n.  1256. 

- —  ■  of  Pendulums  in  aFIuid,  of  what  Sort, 
p.  457,  ».  1987. 


•  - with  which  a  Fluid  runs  out  of  diffe¬ 

rent  Holes,  of  what  Kind*  p.  397,  n. 
1586,  and  fol. 

— —  Decrements  of,  in  Collifion,  p.  22  c, 

967. 

Changes  of  the  Velocities  of  two 
Bodies,  arifing  from  their  mutual  A&ion 
in  Collifion,  of  what  Kind,  p.  285,  n. 

1 186,  /.  294.  n.  1216. 

•  -  Changes  of,  in  Collifion,  which  hap¬ 

pen  in  certain  Times,  examined,  p.  237, 
n.  1026,  and  fol. 

—  .  in  double  Collifion,  when  made  in 

equal  Time,  p.  291,  n.  1205,  p.  293,  n 
1212. 

•  -  Changes  of,  made  by  oblique  Per- 

cuflion,  p.  279,  n.  1172,  and  fol. 

— -  ■  -  Ratio  of,  when  in  Percuflion  various 
Bodies  joined  are  at  Reft,  p.  244,  n.  1057,. 
and  fol. 

Venus ,  II,  /.281,  n.  3728. 

- -  Diftance  of  from  the  Sun  and  periodi¬ 
cal  Time,  p.  338,  n.  4158. 

Vibrations  of  a  Plate,  one  of  whofe  Ends 
is  fixed,  p .  325,  n.  1333,  and  fol. 

—  though  unequal,  are  of  the  fame  Con¬ 
tinuance,  p.  316,  n.  1292. 

- - greater  of  a  Pendulum  in  a  Fluid,  are 

of  longer  Continuance,  p.  457,  n.  1986. 
Vibrations  all  of  the  fame  Plate  are  of  the 
fame  Continuance,  p.  326,  n.  1335. 

—  of  equal  Pendulums  in  a  Fluid,  are  of 
the  fame  Continuance,  p.  456,  n.  1983. 

— -  Times  of  the  Vibrations  of  Chords,  pi 
317,  n.  1293,  and  fol. 

Vifible  Point,  where  it  appears,  II,  p.  182, 
n.  3121,  and  fol. 

Vijion  confuted,  II,  p .  177,  ».3088. 

- .  diftinft,  p.  177,  n.  308 7. 

-  has  diverfe  Limits,  p.  178,  n.  3098, 

and  fol. 

—  ■  ■  —  is  diftinft  for  one  Point,  only  at  the 

fame  Time,  p.  179,  n.  3107,  and  fol. 

-  through  a  Lenfe  how  it  differs  from 

Vifion  with  the  naked  Eye,  p.  185,  n. 

3 1 45  • 

—  through  a  concave  Lenfe,  p.  185,  n. 
3140,  and  fol. 

•  -  through  a  convex  Lenfe,  p.  184,  n . 

J131,  and  fol. 

Vijion  through  a  polyhedrous  Lenfe,  p.  187, 
n.  3156. 

-  through  a  plane  Glafs,  p.  183,  n. 

3126,.  and  fol. 

— —  Limit  of  Vifion  in  the  fame  Man  is 

fometimes  near  and  fometimes  remote,  fo 

that 


INDE'  X. 


that  intermediate  Objeds  appear  confufed 
P •  178,  n.  3100.  ' 

*  -  by  Vifion  through  Water  Objeds  ap¬ 

pear  magnified,  p.  1 84,  ».  3  t  30.  * 

— -  how  we  judge  of  Diftance,  by  Vifion, 
p.  180,  n .  3109,  and  fol. 

~ dfof .through  Glaffes<  *•  ,82>  «•3**4. 

——  and  by  Magnitude,  p.  181,».  3,  ,8. 

V xtreous  Humour.  See  Humour. 

Unifon  II,  />.  55,  ».  2361. 

Univerfe ,  what,  I,  />.  i,  n.  i. 

•  - -  governed  by  determinate  Laws,  p  2 

n.  4.  r'  * 

Urine,  Phofphorus  of.  See  Pho/phorus. 

Ufe  of  Machines.  See  Machines. 

Uvea,  II,  p.  173,  n.  3064. 


W. 


Water  aas  two  Ways  upon  Hydraulic  Ma¬ 
chines,  p.  428,  n.  1848,  and  fol. 

- -  afcends  through  a  Pump,  II,  p.  I0, 

n.  2199,  and  fol.  p.  30,  n.  2266. 

r"*  hut  not  in  Vacuo,  p.  2c,  n.  2200, 
and  fol. 

—  afcends  through  a  Syphon,  p.  30 
n.  2264,  and  fol. 

■  why  it  runs  out  of  a  Syphon,  p.  38, 
».  2259,  and  fol. 

‘  *s  attraded  by  Glafs,  p.  22,  n.  99, 
and  fol. 

-  is  melted  Ice,  p.  68,  n.  2439. 

—  puts  out  Fire,  p.  95,  «.  2593,  and  fol. 

- -  does  not  extinguifh  fome  Fluids  that 

are  fet  on  Fire,  p.  95^  n.  2596. 

*  1  m  a  River,  the  lower  moves  fafler 

than  the  upper,  I.  p.  401,  n.  1678,  and 
fol. 

—— —  moved  through  an  Horizontal  Chan¬ 
nel,  and  how,  p.  403,  n.  1696,  and  fol. 
W iter  in  a  River  moves  flower,  where  it  is 
remote  from  the  Head,  p.  403,  n.  1692. 

-  when  accelerated,  p.  403,  n.  1694. 

- —  when  it  is  carried  with  an  equable  Mo¬ 
tion,  ^.403,  n.  1691. 

—  carries  Sand  along  with  it,  p.  404,  n. 
1703,  and  fol.  p.  405;,  n.  1710,  and  fol. 

- - -  when  it  comes  to  the  Bank  with  a  cer¬ 
tain  Impetus,  what  Effed  it  produces,  p. 
406,  n.  1717. 

-  by  what  Adion  fuflained  in  a  Tube, 

p.  423,  n.  1813,  and  fol. 

•  - with  what  Adion  caft  upwards,/.  424, 

n.  1817,  and  fol. 

•  -  repels  fat  Bodies,  p.  20,  n.  87. 


7  retainrs  t^e  Fire  contained  in  the  Phof- 

~  Adhefion  of  it  to  Glafs  and  Wood, 
Ij  p-  19,  n.  86.  * 

r  Height  of  it,  the  farther  you  go 
from  the  Head  of  a  River,  continually 
diminiflies,  p.  4co,  n.  1673. 

-  Afcent  of  between  two  Glafs  Planes, 

and  fol*’  ^  *9’  23,  H‘  Io6’ 

-  Afcent  of  it  in  Glafs  Tubes,  p.  18, 
».  82,  and  fol.  p.  23,  n .  104,  and  fol.  p. 
24,  ».  107. 

- -  Column  of,  fuflained  by  Air,  II.  p. 

3,  ».  2089.  r' 

-  Denfity  of,  to  that  of  the  Spirit  of 

Turpentine,  p.  39,  ».2851. 

—  the  fame  Quantity  flows  out  in  the 
fame  Time  through  Sedions  of  a  River 
in  a  permanent  State,  I,  p.  399,  l6?0t 

* -  the  Velocity  of  the  lower  and  upper 

Water,  in  the  Progrefs  of  a  River,  con¬ 
tinually  approaches  towards  an  Equality, 
P ■  401,  n.  1679. 

— •  Height  of  in  a  River,  when  obflruded 
by  aCatarad,  p.  401,  n.  1681. 

- -  Velocity  of  in  a  River  is  not  altered, 

as  the  Quantity  of  Water  encreafes,  p. 
401,  n.  1680. 

-  Velocity  of  in  different  Parts  of  a  Ri¬ 
ver,  how  determined,  p.  400,  n.  1674, 
and  fol. 

—  Weight  of,  p.  13,  n.  63. 

- -  Velocity  of  in  a  Tube  how  determined, . 

p.  420,  n.  1 674,  and  fol. 

Watery  Parts  in  Bodies,  II,  p v  8  7,».  2549. 

Wnrve  T,  p.  409^  ».  1738. 

•  -  how  made,  p.  409,  n.  1737,  A  4U>. 

*•  I747*. 

•  - -  of  Air.  See  dir. 

—  Breadth  of  one,  p.  409,  ».  1739. 

- -  Motion  of,  of  what  Sort,  p.  409,  ru 

I74°-  •.  , 

•  - -  Motion  of  one  behind  an  Obflacle,  . 

p.  410,  n.  1744*  and  fol. 

-  Refledion  of,  how  made,  p.  409,  m 

1741,  and  fol. 

- «  various  Waves  don’t  diflurb  one  ano¬ 
ther,  p.  41 1,  ».  1748. 

- •  Celerity  of  them  how  determined,  p< 

4 1 1,  n.  1749,  p.  413,  n.  1753,  .  and  fol. 
Way  milky,  II,  p.  317,  «.  4038,  and  fol. 

-  run  through  by  a  fpouting  Fluid,  by 

what  Experiments  determined,  I,  p.  3 86,, 
n.  1615,  and  fol. 

W edge,  I,  p.  55,  n .  272* 
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We&ge,  Edge  of  it,  /.  55,  tt.  275. 

-  Height  of,  p.  55,  n.  273.  ‘ 

- - Bafe  of,  p.  53,  tt.  274. 

Weighing ,  moft  exact  Method  of,  I,  p.  3  66, 
«.  1536,  and  fol. 

Weighty  loft  by  a  Solid  immerfed  in  Fluids 
of  a  different  Denfity,  I  p.  358,  n.  1498, 
and  fol. 

- - of  a  Body,  p.  31,  n.  149. 

—  confidered  as  a  Power,  p.  32,  tt.  ici, 

/•  33»  »•  * 57- 

— ...  ■  how  it  gravitates  upon  the  Point  of 
Sufpenlion,  p.  37,  n.  183. 

— ■  ■■  which  is  fuftained  by  Powers  drawing 
obliquely,  p .  71,  n.  332,  and  fol.  p .  72, 
tt.  336,  and  fol. 

—  Action  of  one  for  moving  a  Balance, 

t-  37.  »•  l8j,  and  fol. 

Weights  loft  by  a  Body,  immerfed  in  diffe¬ 
rent  Fluids,  are  as  the  Denfities  of  the 
Fluids,  p.  368,  n.  1545. 

—  . .  loft  by  equal  Solids,  immerfed  in  a 

Fluid,  are  equal,  /.317,  tt.  1493,  and 
fol. 

•—  loft  by  unequal  Solids  immerfed  in  a 
Fluid,  are  in  the  Ratio  of  the  Bulks,  p . 
358,  tt.  1495. 

—  . -  loft  of  the  fame  Weight,  but  of  dif¬ 

ferent  Denftty  immerfed  in  the  fame  Fluid, 
of  what  Kind,  p.  358,  n.  149 6,  and  fol. 

—  are  explored  by  a  Balance,  p.  3  6, «.  1 79. 

—  ■■■'■  how  exactly  determined,  p.  363,  tt. 

1520,  and  fol. 

•—  which  are  fuftained  by  one  Power 
only,  p.  48,  tt.  245. 

—  applied  to  a  Lever,  have  a  common 
Center  of  Gravity,  p.  48.  n.  246. 


1 

confidered  with  refpect  to  their  Bulk# 
and  Denfities,  p.  353,  «.,1465. 

-  are  as  the  Quantities  of  Matter,  p.  33, 

n.  1 56.  ; 

Weftern  Part,  IT,  p.  304,  tt.  3916. 

Weft  y  Point  of,  II,  p.  335,  tt.  3919. 

Wheels  moved  by  the  Force  of  Water,  their 
Actions,  I,  p .  430,  n.  1864. 

Windy  Aftion  of  upon  the  Sails  of  an  Hy 
draulic  Machine,  difficult  to  be  deter¬ 
mined,  I,  p.  428,  n .  1846. 

- —  .  Velocity  of  is  lefs  than  the  Velocity 
of  Sound,  II,  p.  53,  n.  2342. 

Wood,  cleaving  of,  I,  p.  59,  n.  286. 

—  lucid  foon  lofes  it’s  Light  in  Vacuo, 
II,  p.  83,  tt.  2329*  - 

World,  Poles  of.  See  Poles. 

* 

Y. 

Tear  great,  II,  p.  314,  tt.  4018. 

- -  periodical,  exceeds  the  tropical  Year, 

p.  281,  «.  3729. 

Z. 

*■ 

7enith,  II,  p.  304.,  tt.  3912. 

Zodiac ,  II,  289,  n.  3791. 

- - Signs  of,  p.  288,  n.  3783,  p.  316,  n. 

4029. 

Zone  Torrid,  Phaenomena  of,  IT,  p.  311, 

n.  399 L  P'  312*  n •  3995»  and  fol. 

Zones,  p.  311.  n.  398 7,  and  fol. 

-  Phaenomena  of  the  Temperate,/.  306, 

tt.  3933,  and  fol. 

■■  ■  -  Phaenomena  of  the  Frigid,  p.  312.  tt. 
3993»  &id.  n.  3998,  and  fol. 
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Page  4  Line  3,  from  the  Bottom,  for  with  read  to. 
Page  992nd  following,  for  Reaumur  read  Renter. 
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